x<arihant 


NCERT 
EXEMPLAR 


Problems-Solutions 


Physics 


Class XI 
Ne! 


Detailed Explanation to all 
Objective & Subjective Problems Vil 


A Highly Useful Question-Solution Bank 
for School/Board and Engineering & Medical Entrances 











NCER | 
EXEMPLAR 


Problems-Solutions 


Physic 


Class XI 


Detailed Explanations to all 
Objective & Subjective Problems 





Atique Hassan 
Sonal Sinha 





(School Division Series) 


><arihant 
ARIHANT PRAKASHAN 


(School Division Series) 


All Rights Reserved 


A 


R 


© PUBLISHERS 

No part of this publication may be re-produced, stored in a retrieval system or distributed in 
any form or by any means, electronic, mechanical, photocopying, recording, scanning, web or 
otherwise without the written permission of the publisher. Arihant has obtained all the 
information in this book from the sources believed to be reliable and true. However, Arihant or 
its editors or authors or illustrators don't take any responsibility for the absolute accuracy of 
any information published and the damages or loss suffered there upon. 


All disputes subject to Meerut (UP) jurisdiction only. 


ADMINISTRATIVE & PRODUCTION OFFICES 


Regd. Office 
‘Ramchhaya’ 4577/15, Agarwal Road, Darya Ganj, New Delhi -110002 
Tele: 011- 47630600, 43518550; Fax: 011- 23280316 


Head Office 
Kalindi, TP Nagar, Meerut (UP) - 250002 
Tele: 0121-2401479, 2512970, 4004199; Fax: 0121-2401648 


SALES & SUPPORT OFFICES 
Agra, Ahmedabad, Bengaluru, Bareilly, Chennai, Delhi, Guwahati, 
Hyderabad, Jaipur, Jhansi, Kolkata, Lucknow, Meerut, Nagpur & Pune 


ISBN : 978-93-5176-449-6 


Published by Arihant Publications (India) Ltd. 


For further information about the books published by Arihant 
log on to www.arihantbooks.com or email to info@arihantbooks.com 


@/arihantpub [€)/@arihantpub @ Arihant Publications (©) /arihantpub 


PREFACE 


The Department of Education in Science & Mathematics (DESM) & 
National Council of Educational Research & Training (NCERT) 
developed Exemplar Problems in Science and Mathematics for 
Secondary and Senior Secondary Classes with the objective to provide the 
students a large number of quality problems in various forms and format 
viz. Multiple Choice Questions, Short Answer Questions, Long Answer 
Questions etc., with varying levels of difficulty. 


NCERT Exemplar Problems are very important for both; School & Board 
Examinations as well as competitive examinations like Engineering & 
Medical Entrances. The questions given in exemplar book are mainly of 
higher difficulty order by practicing these problems, you will able to 
manage with the margin between a good score and a very good or an 
excellent score. 


Approx 20% problems asked in any Board Examination or Entrance 
Examinations are of higher difficulty order, exemplar problems will make 
you ready to solve these difficult problems. 


This book NCERT Exemplar Problems-Solutions Physics XI contains 
Explanatory & Accurate Solutions to all the questions given in NCERT 
Exemplar Physics book. 


For the overall benefit of the students we have made unique this book in 
such a way that it presents not only hints and solutions but also detailed 
and authentic explanations. Through these detailed explanations, 
students can learn the concepts which will enhance their thinking and 
learning abilities. 


We have introduced some additional features with the solutions which 
are as follows 
e Thinking Process Along with the solutions to questions we have given 
Y thinking process that tell how to approach to solve a problem. Here, 
we have tried to cover all the loopholes which may lead to confusion. 
All formulae and hints are discussed in detail. 
e Note We have provided notes also to solutions in which special points 
are mentioned which are of great value for the students. 


For the completion of this book, we would like to thank Priyanshi Garg 
who helped us at project management level. 


With the hope that this book will be of great help to the students, 


we wish great success to our readers. 
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Units and Measurements 


Multiple Choice Questions (IMCQs) 


Q. 1 The number of significant figures in 0.06900 is 
(a) 5 (b) 4 (c) 2 (d) 3 
@ Thinking Process 


If the number is less than 1, the zero(s) on the right of decimal point and before the 
first non-zero digit are not significant. 


Ans. (b) In 0.06900, the underlined zeroes are not significant. Hence, number of significant 
figures are four (6900). 


Q. 2 The sum of the numbers 436.32, 227.2 and 0.301 in appropriate 
Significant figures is 
(a) 663.821 (b) 664 (c) 663.8 (d) 663.82 
Ans. (b) The sum of the numbers can be calculated as 663.821 arithmetically. The number with 
least decimal places is 227.2 is correct to only one decimal place. 
The final result should, therefore be rounded off to one decimal place /.e., 664. 


Note In calculating the sum, we should not confuse with the number of decimal places 
and significant figures. The result should have least number of decimal places. 


Q. 3 The mass and volume of a body are 4.237 g and 2.5 cm?, respectively. The 
density of the material of the body in correct significant figures is 
(a) 1.6048 gcm° (b) 1.69 g cm” (c) 1.7 g cm” (d) 1.695 g cm” 
@ Thinking Process 
In multiplication or division, the final result should retain as many significant 
figures as are there in the original number with the least significant figures. 


Ans. (c) In this question, density should be reported to two significant figures. 


Density = "9 - 1,6948 
2.0 CM 





As rounding off the number, we get density = 1.7 
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Q. 4 The numbers 2.745 and 2.735 on rounding off to 3 significant figures will 
give 
(a) 2.75 and 2.74 (b) 2.74 and 2.73 (c) 2.75 and 2.73 (d) 2.74 and 2.74 


Ans. (d) Rounding off 2.745 to 3 significant figures it would be 2.74. Rounding off 2.735 to 
3 significant figures it would be 2.74. 


Q. 5 The length and breadth of a rectangular sheet are 16.2 cm and 10.1 cm, 
respectively. The area of the sheet in appropriate significant figures and error is 
(a) 164+ 3 cm (b)163.62+ 2.6 cm? 
(c)163.6+ 2.6 cm (d)163.62+ 3 cm 


@ Thinking Process 


AX 
If A x is error in a physical quantity, then relative error is calculated as —. 
Us 


Ans. (a) Given, length Z= (16.24 0.1)cm 
Breadth b = (10.1 0.1)cm 
Area A=Lxb 
= (16.2 cm) x (10.1 cm) = 163.62 cm? 


Rounding off to three significant digits, area A = 164 cm? 
AA Al Ab 0.1 0.1 
ea ee 

A l b 16.2 10.1 
1.014 1.62 2.63 
= 16.2x10.1 163.62 











=> AA = Ax——°9_ = 163.62x—— 8 = 2.63 om? 
163.62 163.62 
AA = 3 cm? (By rounding off to one significant figure) 


Area, A= A+ AA = (164+ 3) cm’. 


Q. 6 Which of the following pairs of physical quantities does not have same 
dimensional formula? 
(a) Work and torque (b) Angular momentum and Planck’s constant 
(c) Tension and surface tension (d) Impulse and linear momentum 


Ans. (c) (a) Work =force x distance= [MLT 2] [L] [MLT 2] 
Torque=force x distance=[ML°T 7] 
(b) Angular momentum =mvr=[M[LT'][L] = ML? T] 
E [ML?T] 


Planck’s constant = = = — =[ML°T '] 
V [Tl] 
(c) Tension=force=[MLT~] 
-2 
Surface tension = pee =[ML°T*] 





length [L] 
(d) Impulse =force x time=[MLT *][T] = [MLT "] 
Momentum = mass x velocity =[M][LT~'] = [MLT~|] 


Note One should not be confused with the similar form tension in both the physical 
quantities-surface tension and tension. Dimensional formula for both of them is 
not same. 
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Q. 7 Measure of two quantities along with the precision of respective 
measuring instrument is 


A=2.55ms 1+0.5 ms™t, B = 0.10 s +0.01 s. The value of AB will be 
(a) (0.25+ 0.08)m (b)(0.254 0.5)m (c) (0.25 0.05)m (d)(0.25 0.135)m 





Ans. (a) Given, A=2.5ms™!+ 0.5 ms™, B= 0.10s + 0.01s 
x = AB = (2.5)(010) = 025m 
Ax _ AA n AB 
x A B 
_05 0.01 _ 0.05+ 0.025 _ 0.075 
2.5 010 0.25 0.25 


Ax = 0.075 = 0.08 m, rounding off to two significant figures. 
AB = (0.25 + 0.08) m 


Q. 8 You measure two quantities as A = 1.0 m +0.2 m, B = 2 .0 m 0.2 m. We 


should report correct value for VAB as 
(a)1.4m+ 0.4m (b)1.41m+0.15m (c)1.4m+ 0.3m (d)1.4 m+ 0.2 m 


Ans. (d) Given, A=10m+0.2mB=2.0m+0.2m 
Let, Y = JAB = (1.02.0) = 1414m 


Rounding off to two significant digit Y = 14m 

AY 1[AA AB] 170.2 02] 06 
= + = T = 

yY ə2[A B] 2110 20| 2x20 
7 0.6Y 7 06 x 1.4 
 2g20 2x20 


Rounding off to one significant digit AY = 0.2 m 
Thus, correct value for VAB =r + Ar=1.4+ 0.2m 














=.212 








=> 


Q. 9 Which of the following measurement is most precise? 
(a) 5.00 mm (b) 5.00 cm (c) 5.00 m (d) 5.00 km 

Ans. (a) All given measurements are correct upto two decimal places. As here 5.00 mm has the 
smallest unit and the error in 5.00 mm is least (commonly taken as 0.01 mm if not 
specified), hence, 5.00 mm is most precise. 


Note In solving these type of questions, we should be careful about units although 
their magnitude is same. 


Q. 10 The mean length of an object is 5 cm. Which of the following 
measurements is most accurate? 
(a) 4.9 cm (b) 4.805 cm (c) 5.25 cm (d) 5.4 cm 


Ans. (a) Given length [=S 0m 

Now, checking the errors with each options one by one, we get 
Al, =5-49=0.1cm 
Al, =5— 4805 = 0.195cm 
Al, =5.25-5=0.25cm 
Al, =5.4-5=0.4cm 

Error AZ, is least. 

Hence, 4.9 cm is most precise. 
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Q. 11 Young's modulus of steel is 1.9x 101! N / m”. When expressed in CGS 
units of dyne/cm*, it will be equal to (1N =10° dyne, 1 m? = 10*cm*) 


(a)1.9x 10'° (b)1.9x 101! (c)1.9x 10" (d)1.9x 10" 
Ans. (c) Given, Young’s modulus Y =19 x10! N/m? 
1N = 10° dyne 
Hence, Y =19 x10"! x 10° dyne/m? 


We know that 1m = 100cm 
Y =19x10"' x 10° dyne/(100)* cm? 


= 1.9x 10'°~ 4 dyne/cm? 
Y =19 x 10'* dyne/cm? 


Note While we are going through units conversion, we should keep in mind that proper 
relation between units are mentioned. 


Q. 12 If momentum (p), area (A) and time (T) are taken to be fundamental 
quantities, then energy has the dimensional formula 
(a) [pA 7'T'] (b) [p°AT] (©) [pA 77] (d) [ pA“*T] 
Ans. (d) Given, fundamental quantities are momentum (p), area (A) and time (T). 
We can write energy E as 
E « p® AT 
E = ko? A'T? 
where k is dimensionless constant of proportionality. 
Dimensions of E =[E]=[ML°T~*] and [o] = [MLT '] 
[A] = [L*] 
[1]= [I] 
[E] = [K]ip]°[A] rT] 
Putting all the dimensions, we get 
MLT? = [MLT '] L] T]. 
-pa 26+ ap-ate 


By principle of homogeneity of dimensions, 


a=1,2b+a=2 
=> 2b+1=2 
= b = 1/2 -a +c =-2 
=> Cc=-2+a=-2+4+1=-1 


Hence, E = pA" °T! 
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Multiple Choice Questions (More Than One Options) 


Q. 13 On the basis of dimensions, decide which of the following relations for 
the displacement of a particle undergoing simple harmonic motion is not 


correct? 
(a)y =asin2nt/T (b) y = asinvt 
2ml 2 nt 
(c) y = = sin( =) (d) y = a/2(sin — — cos =) 


@ Thinking Process 


We know that angle is dimensionless. Here, a is displacement and y is also 
displacement, hence they are having same dimensions. 


Ans. (b, c) 
Now, by principle of homogeneity of dimensions LHS and RHS of (a) and (d) will be same 
and is L. 
For (c) [LHS] = 


=LT" 


|r” 


[RHS] = 


[LHS] # [RHS] 
Hence, (c) is not correct option. 
In option (b) dimension of angle is [vt ] ie., L 
=> RHS =L.L = Lf and LHS =L 
> LHS #RHS. 
SO, option (b) is also not correct. 


Q. 14 If P, Q, R are physical quantities, having different dimensions, which of 
the following combinations can never be a meaningful quantity? 
(a) (P — Q)/R (b) PO =R (c) PQ/R (d) (PR —Q*)/R 
(e) (R + Q)/P 
@ Thinking Process 


We should keep in mind that when two physical quantities are added or subtracted 
they should have same dimensions. 


Ans. (a, e) 
In this question, it is given that P, Q and R are having different dimensions, hence they 
cannot be added or subtracted, so we can say that (a) and (e) are not meaningful. We 
cannot say about the dimension of product of these quantities, hence (b), (c) and (d) may 
be meaningful. 
Note In this question, we are certain about the quantity which is never meaningful 
but we should keep in mind that others may or may not be meaningful. 


Q. 15 Photon is quantum of radiation with energy E = hv, where vis frequency 
and h is Planck's constant. The dimensions of h are the same as that of 


(a) linear impulse (b) angular impulse 
(c) linear momentum (d) angular momentum 
Ans. (b, d) 
We know that energy of radiation, E = hv 
[E] _[ML°T*] 


[h] = = (MT) 





[v] m] 
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Dimension of linear impulse = Dimension of momentum = [MLT] 
As we know that linear impulse J = AP 


= Angular impulse = tat = AL = Change in angular momentum 
Hence, dimension of angular impulse 


= Dimension of angular momentum 
= [ML°T"']. 
This is similar to the dimension of Planck's constant h. 


Q. 16 If Planck’s constant (h) and speed of light in vacuum (c) are taken as two 
fundamental quantities, which one of the following can, in addition, be 
taken to express length, mass and time in terms of the three chosen 
fundamental quantities? 

(a) Mass of electron (m,) (b) Universal gravitational constant (G) 
(c) Charge of electron (8 (d) Mass of proton (m 

Ans. (a, 6, d) 

We know that dimension of h = [h] = [ML2T~"] 
le] = [LT] [m ]=M 
[G] = [MLT] 
le] = [AT} lm, ] = [M] 
[hc] [ML°T'}{LT } M2 
G) METI iM 


Mae 
G 


) 





27-1 
Similarly, AA l ML 
c pr 
h AIG Gh 
| =—=— ——— SS 
cM cVhe ¢2? 
As, eat 
= rj- H- VGh _ VGh 





Ic] E c3/2.c — c52 


Hence, (a), (b) or (d) any can be used to express L, M and T in terms of three chosen 
fundamental quantities. 


Q. 17 Which of the following ratios express pressure? 
(a) Force/Area (b) Energy/Volume (c) Energy/Area (d) Force/Volume 
@ Thinking Process 
While solving this type of questions, we should first write an expression and try to 
express it in terms of quantities given in the option. 
Ans. (a, b) 


For 
We know that pressure = be 


rea 
Force x Distance Work _ Energy 


Areax Distance Volume Volume 


Note Here, we should keep it in mind that above values are not exactly equal but 
these are equivalent with respect to their units. 





Pressure = 
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Q. 18 Which of the following are not a unit of time? 
(a) Second (b) Parsec (c) Year (d) Light year 
Ans. (b, d) 
We know that 1 light year = 9.46 x 10'' m 
= distance that light travels in 1 year with speed 3 x 108 m/s. 
1 parsec = 3.08 x 10' m 


= Distance at which average radius of earth’s orbit subtends an 
angle of 1 parsecond 
Here, second and year represent time. 


Very Short Answer Type Questions 


Q. 19 Why do we have different units for the same physical quantity? 


Ans. The value of any given physical quantity may vary over a wide range, therefore, different 
units of same physical quantity are required. 
e.g., The length of a pen can be easily measured in cm, the height of a tree can be 
measured in metres, the distance between two cities can be measured in kilometres and 
distance between two heavenly bodies can be measured in light year. 


Q. 20 The radius of atom is of the order of 1 Å and radius of nucleus is of the 
order of fermi. How many magnitudes higher is the volume of atom as 
compared to the volume of nucleus? 


Ans. Radius of atom = 1Å = 1071? m 
Radius of nucleus = 1 fermi = 10718 m 


Volume of atom = V, = San 


4 
Volume of nucleus Vy = 37AN 


A : 
Vy _ 3m 7 Ra e 19°19 age 
W 4 RS Rey wo 

3 


Note In such type of questions, always change the value in same unit. 








Q. 21 Name the device used for measuring the mass of atoms and molecules. 


Ans. Amass spectrograph is used for measuring the mass of atoms and molecules. 


Q. 22 Express unified atomic mass unit in kg. 
ANS. One atomic mass unit is the 5 of the mass of a ¿C!° atom. 


Mass of one mole of ,C'* atom = 12 g 


Number of atoms in one mole = Avogadro’s number 
= 6.023 x 10” 
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12 ; 
6.023 x 10° 





Mass of one ¿C!? atom = 


J 
1 amu = <> xmass of one C! atom 


{i —_ 1? sieru 
ala (5 sons |= 1? a 
= 167 x 10-2’ kg (1g= 1019) 
0° 6° 0% 
Q. 23 A function f (0) is defined as f(0)=1-90 Ea E E +... 


Why is it necessary for f (0) to be a dimensionless quantity? 


Ans. Since, f(0)is a sum of different powers of 8 and it is a dimensionless quantity. 
By principle of homogeneity as RHS is dimensionless, hence LHS should also be 
dimensionless. 


Q. 24 Why length, mass and time are chosen as base quantities in mechanics? 
Ans. Length, mass and time are chosen as base quantities in mechanics because 


(i) Length, mass and time cannot be derived from one another, that is these quantities are 
independent. 


(ii) All other quantities in mechanics can be expressed in terms of length, mass and time. 


Short Answer Type Questions 


Q. 25 (a) The earth-moon distance is about 60 earth radius. What will be the 
diameter of the earth (approximately in degrees) as seen from the 
moon? 


(b) Moon is seen to be of (1/2)° diameter from the earth. What must be 
the relative size compared to the earth? 


(c) From parallax measurement, the sun is found to be at a distance of 
about 400 times the earth-moon distance. Estimate the ratio of 
sun-earth diameters. 

@ Thinking Process 


To solve this question, we have to treat radius of earth as an arc as seen from the 
moon. 


Ans. (a) Angle subtended at distance r due to an arc of length J is 


g 





Earth 
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Given, [=R r= 600R; 
= Re = L aE x i degree 
60R- 60 60 x 


=— 7° 


TU 
Hence, angle subtended by diameter of the earth = 20 = 2° 


| | Da | | 
(b) Given that moon is seen as 5) diameter and earth is seen as 2° diameter. 


Diameter of earth (2/n)rad _ 


Hence, Daana a S 4 
iameter of moon í Jrad 


2T 
(c) From parallax measurement given that sun is at a distance of about 
, , r, 
400 times the earth-moon distance, hence, ““~ = 400 
Foon 
(Suppose, here r stands for distance and D for diameter) 


sun and moon both appear to be of the same angular diameter as seen from the earth. 
D D 





sun _ ‘moon 
I, sun l moon 
D 
i _ 400 
D moon 
But earth zá 
D moon 
D 
< = 100 
D 


earth 


Q. 26 Which of the following time measuring devices is most precise? 
(a) A wall clock (b) A stop watch 


(c) A digital watch (d) An atomic clock 


Given reason for your answer. 


Ans. A wall clock can measure time correctly upto one second. A stop watch can measure time 
correctly upto a fraction of a second. A digital watch can measure time up to a fraction of 
second. An atomic clock can measure time most precisely as its precision is 1s in 10'° s. 


Q. 27 The distance of a galaxy is of the order of 10°°m. Calculate the order of 
magnitude of time taken by light to reach us from the galaxy. 


Ans. Given, distance of the galaxy = 10m 
Speed of light = 3 x 10° m/s 


Hence, time taken by light to reach us from galaxy is, 
25 

_ Distance _ 10 : 1 1017 
Speed 3x108 3 


= x10" =333x 10" s 
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Q. 28 The vernier scale of a travelling microscope has 50 divisions which 
coincide with 49 main scale divisions. If each main scale division is 
0.5 mm, calculate the minimum inaccuracy in the measurement of distance. 


@ Thinking Process 
Inaccuracy will be measured by difference of MSD and 1VSD, where MSD = main 
scale division and VSD = verneir scale division. 
Ans. By question, it is given that 50VSD = 49MSD 
1IMSD = V ysp 
49 


1VoD = 49 MSD 
50 
Minimum inaccuracy = 1MSD — 1VSD 


= IMSD - usp = wisp 
50 50 


Given, IMSD = 0.5mm 


7 , 1 
Hence, minimum inaccuracy = — x 0.5 mm = — = 0.01 mm 
50 100 


Q. 29 During a total solar eclipse the moon almost entirely covers the sphere 
of the sun. Write the relation between the distances and sizes of the sun 
and moon. 

Ans. Consider the diagram given below 

Rme = Distance of moon from earth 
Ra = Distance of sun from earth 
Let angle made by sun and moon is 8, we can write 





























= Aai _ gee 
Roe Re 
Here, Agm = Area of the sun 
A moon = Area of the moon 
mRe nk? 
= d E Re 
Se me 
2 2 
Bie Aime 
=> Rs = Rin 
F se Ame 
=> As = Fa 
Rm Aime 


(Here, radius of sun and moon represents their sizes respectively) 


Q. 30 If the unit of force is 100 N, unit of length is 10 m and unit of time is 
100 s, what is the unit of mass in this system of units? 


@ Thinking Process 
First write dimension of each quantity and then relate them. 
Ans. Dimension of force F = [MLT~]=100N (i) 


Length (L) = [L]=10m (i) 
Time (t)= [T] = 100s (ii) 
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Substituting values of L and T from Eas. (ii) and (iil) in Eq. (i), we get 
M x10 x (100)* = 100 


> Mx10 o0 
100 x 100 
= M =100 x 1000kg 
M =10° kg 


Q. 31 Give an example of 
(a) a physical quantity which has a unit but no dimensions 
(b) a physical quantity which has neither unit nor dimensions 
(c) a constant which has a unit 
(d) a constant which has no unit 


Ans. (a) Plane angle 6 = = radian 
r 


its unit is radian but has no dimensions 


io canes See 
L length 





It has neither unit nor dimensions 
(c) Gravitational constant (G) = 6.67 x 107''N-m*/kg* 


(d) Reynold’s number is a constant which has no unit. 


Q. 32 Calculate the length of the arc of a circle of radius 31.0 cm which 


subtends an angle of = at the centre. 


Ans. We know that angle j= : radian 
r 


Given, E L 
6 3l 
Hence, length = {= 31x ; cm= ee Cm= 16.22 cm 


Rounding off to three significant figures it would be 16.2 cm. 


Q. 33 Calculate the solid angle subtended by the periphery of an area of 1cm? 


at a point situated symmetrically at a distance of 5 cm from the area. 
Area 

(Distance)? 

-iom 1 


— z=—=4x 10°° steradian 
Gem 25 


AnS. We know that solid angle Q = 





(.: Area = 1cm‘*, distance = 5 cm) 


Note We should not confuse, solid angle with plane angle® = i radian. 
r 
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Q. 34 The displacement of a progressive wave is represented by 
y =Asin(œt —kx), where x is distance and t is time. Write the 
dimensional formula of (1) wand (11) k. 


@ Thinking Process 
In solving these type of questions, we should apply principle of homogeneity of 


dimensions. 
Ans. Now, by the principle of homogeneity, /.e., dimensions of LHS and RHS should be equal, 
hence [LHS] = [RHS] 
= HSA] LE 
As œt — kx should be dimensionless, [œt] = [kx] = 1 
= lo]T = [k]L = 1 
=> [o]=T' and [k] =L 


Q. 35 Time for 20 oscillations of a pendulum is measured as t, = 39.6 s; 
t, =39.9 s and t, =39.5 s. What is the precision in the measurements? 
What is the accuracy of the measurement? 


@ Thinking Process 
We will apply formula for mean value, absolute error as well as mean absolute error. 


Ans. Given, f,=396s,i,=399s andi, =395s 
Least count of measuring instrument = 0.1s 
(As measurements have only one decimal place) 
Precision in the measurement = Least count of the measuring instrument = 0.1s 
Mean value of time for 20 oscillations is given by 
t= ti +t +t} 
3 
_ 890 + 099 +395 
3 


= 3975S 


Absolute errors in the measurements 
At, =t —t, = 397 =396 = 018 
| At,| + | Ata] + | At, 





Mean absolute error = 


3 
_ Oe 0.2 40.2 
p 3 
= =< = O17 02 (rounding off upto one decimal place) 


Accuracy of measurement = + 0.2 s 
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Long Answer Type Questions 


Q. 36 A new system of units is proposed in which unit of mass is a kg, unit of 
length B m and unit of time y s. How much will 5J measure in this new 
system? 


@ Thinking Process 


For solving this question, we will apply the formula for a system of unit u,nu = 
constant. 
Ans. We know that dimension of energy = [ML°T~*] 
LetM,, L,, I, and Ms, Lo, T, are units of mass, length and time in given two systems. 
M= 1ko L= 1m, T= "1s 
M, =akg,L,=Bm, l =ys 
The magnitude of a physical quantity remains the same, whatever be the system of units of 





its measurement /.e., NU = Ny Us 
27-2 a “e 
5 ny am si M, ah = sft dE dZ 
Us [M5] M, L L 
2 —2 
= 5| IRF fd he J 
B Ly | 
=9xX u x = x i 
a BE y 
5 2 
p 
ap 


2 
Thus, new unit of energy will be ma 
(00 


Q. 37 The volume of a liquid flowing out per second of a pipe of length / and 


4 

radius r is written by a student as V E P where p is the pressure 
n 

difference between the two ends of the pipe and n is coefficent of 


viscosity of the liquid having dimensional formula [MLT]. Check 
whether the equation is dimensionally correct. 


@ Thinking Process 
If dimensions of LHS of an equation is equal to dimensions of RHS, then equation is 
said to be dimensionally correct. 


4 
Ans. The volume of a liquid flowing out per second of a pipe is given by V = on 
n 
3 
CHSC Ve mencion of voume _ [C] = [LT] 
Dimension of time [T] 
(«2 Vis the volume of liquid flowing out per second) 

[MLT 3] 
[MLT '] 
[L] 
[L] 


Dimension of 


Dimension of 


p 
Dimension of n 
l 
Dimension of r 
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[L°] 

[T] 
[ML TF] x [Lf] 
[ML T] x [L] 
As dimensions of LHS is equal to the dimensions of RHS. 
Therefore, equation is correct dimensionally. 


Dimensions of LHS, [V] = = [LT '] 





aT 


Dimensions of RHS, 


Q. 38 A physical quantity X is related to four measurable quantities a, b, c and 
d as follows X =a?b°c d. The percentage error in the measurement 
of a, b, c and d are 1%, 2%, 3% and 4%, respectively. What is the 
percentage error in quantity X? If the value of X calculated on the basis of 
the above relation is 2.763, to what value should you round off the result. 


@ Thinking Process 
A 
We will apply the formula for percentage error in quantity x, as 2y 100. 
x 
Ans. Given, physical quantity is X = a*b°c°/*d~ 
Maximum percentage error in X is 


= “100 =a 2(2 « 100} + (F x100] + {F x100]+ (5> <10) 
X a b 2E a 
=+ 20+ 3(2) + To + 214) |% 


=+|2+ 6+ + 8|=+235% 


Percentage error in quantity X = + 23.5% 


Mean absolute error in X = + 0.235= + 0.24 (rounding-off upto two significant digits) 
The calculated value of x should be round-off upto two significant digits. 
l X=28 


Q. 39 In the expression P = El°m G, E, m, | and G denote energy, mass, 
angular momentum and gravitational constant, respectively. Show that P 
is a dimensionless quantity. 


@ Thinking Process 


A dimensionless quantity will have dimensional formula as [Moe 19}. 


Ans. Given, expression is P = EL MPG? 
where E is energy [E] = [MLT] 
mis mass [m] = [M] 
L is angular momentum [L] = [MLT '] 
G is gravitational constant [G] = [MLT] 


Substituting dimensions of each term in the given expression, 
[P] = [ML°T *] x [ML°T ']° x [MJ° MLT 
= [M +2-5+ a) e+ 4-67 -2- 2+ ‘= [M°L° T°] 
Therefore, P is a dimensionless quantity. 
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Q. 40 If velocity of light c, Planck's constant h and gravitational constant G are 
taken as fundamental quantities, then express mass, length and time in 
terms of dimensions of these quantities. 

@ Thinking Process 


In this problem, we have to apply principle of homogeneity of dimensions that is 
LHS and RHS of an equation will have same dimensions. 


Ans. We know that, dimensions of (h) =[ML°T |] 
Dimensions of (c) = [LT] 
Dimensions of gravitational constant (G)= [MLT ?] 
(i) Let m «c*h’G? 
=> m = kc" G" soll) 


where, k is a dimensionless constant of proportionality. 
Substituting dimensions of each term in Eq. (i), we get 
[ML°T°}= [ LT'F x[ML°T YP [MIL T?F 
= [V -Zx+ 2y + sz -x -y | 


Comparing powers of same terms on both sides, we get 


y-Zz=1 .. (il) 
x+2yt+ 3z=0 ssa (M) 
-x —-y-2zZ=0 ...(IV) 
Adding Eqs. (ii), (ili) and (iv), we get 
2y=1 > ye 
2 
Substituting value of y in Eq. (ii), we get 
P 
2 
From Eq. (iv) 
x=-y-2Z 


Substituting values of y and z, we get 


x=-5-2{-5]=5 
2 ae 


Putting values of x, y and zin Eq. (i), we get 
meke h ge 


=> m=k en 
G 
(il) Let L xc” G? 
= L = kc“ G? ...(V) 


where, k is a dimensionless constant. 
Substituting dimensions of each term in Eq. (v), we get 
[M° LT°} = [LT ']* x [ML TY x [MIL°T *F 
— [W7 |x + 2y + 3Z Too] 
On comparing powers of same terms, we get 
y-z=0 ... (Vi) 
x+2yt+ 3z=1 (Vil) 
—-x —-yY-2Z=0 ... (vill) 
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Adding Eqs. (vi), (vii) and (viii), we get 
2y= 


MN|= — 


=> Y= 


Substituting value of yin Eq. (vi), we get 
1 


zZz=— 
2 
From Eq. (viii), 
x=-y-2Z 
Substituting values of y and z, we get 


#=-5-2(5|--5 
2 2 2 
Putting values of x, y and zin Eq. (v), we get 

= ko ™®l 2h 2G" 2 


Lsk 2 
C 
(iii) Let T c c*h”G7 


= T=kc"P G" ...(iX) 
where, k is a dimensionless constant. 
Substituting dimensions of each term in Ea. (ix), we get 
[M°L°T = [LT'}* x [ML°T"]Y x [MIL°T *F 
= [MY -Zx+ 2y + Sz -x -y Ser 


On comparing powers of same terms, we get 


y-z=0 il) 
x+2y+ 3z=0 .. (Xl) 
—x —-Y-2Z=1 sie (Xii) 
Adding Eqs. (x), (xi) and (xii), we get 
ay=] 
= el 
2 
Substituting value of y in Eq. (x), we get 
1 
aE 
From Eq. (xii), 
x=-y-2z-1 


Substituting values of y and z, we get 


r=-5-2[5)-1--3 
2 2 2 


Putting values of x, y and zin Eq. (ix), we get 
Ta ke ™® 2h 2G" 2 
hG 


c? 


T=k 
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Q. 41 An artificial satellite is revolving around a planet of mass M and radius 
R, in a circular orbit of radius r. From Kepler's third law about the period 
of a satellite around a common central body, square of the period of 
revolution T is proportional to the cube of the radius of the orbit r. Show 


[3 
using dimensional analysis, that 7 “5 2 where k is a dimensionless 
g 


constant and g is acceleration due to gravity. 


@ Thinking Process 


In this problem, we have to apply Kepler's third law, T? «a? ie, square of time 
period (T°) of a satellite revolving around a planet, is proportional to cube of the 
radius of the orbit (a°), 
Ans. By Kepler’s third law, Por > Ter 
We know that 7 is a function of R and g. 
Let Ter “alo 
= T = kr” ?Rêg” (i 
where, k is a dimensionless constant of proportionality. 
Substituting the dimensions of each term in Eq. (i), we get 
[M 0) 0 T] — kĪL] 3/2 [L] a T~ P 
= K{L? + D+ eT ee] 


/2 


On comparing the powers of same terms, we get 
a+b+3/2=0 (li) 
—-2b=1> b=-1/2 sea (iil) 
From Eq. (ii), we get 
a—1/2+3/2=0 > a=-1 


Substituting the values of a and b in Eq. (i), we get 
Te kR g" 
3 
5 Ta 
R\g 
Note When we are applying formulae, we should be careful about r (radius of orbit) 
and R (radius of planet). 


Q. 42 In an experiment to estimate the size of a molecule of oleic acid 1 mL of 
oleic acid is dissolved in 19 mL of alcohol. Then 1 mL of this solution is 
diluted to 20 mL by adding alcohol. Now, 1 drop of this diluted solution 
is placed on water in a shallow trough. The solution spreads over the 
surface of water forming one molecule thick layer. Now, lycopodium 
powder is sprinkled evenly over the film and its diameter is measured. 
Knowing the volume of the drop and area of the film we can calculate 
the thickness of the film which will give us the size of oleic acid 
molecule. 
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Read the passage carefully and answer the following questions 

(a) Why do we dissolve oleic acid in alcohol? 

(b) What is the role of lycopodium powder? 

(c) What would be the volume of oleic acid in each mL of solution 
prepared? 

(d) How will you calculate the volume of n drops of this solution of oleic 
acid? 

(e) What will be the volume of oleic acid in one drop of this solution? 


Ans. (a) Oleic acid does not dissolve in water hence, it is dissolved in alcohol. 

(b) Lycopodium powder spreads over the entire surface of water when it is sprinkled evenly. 
When a drop of prepared solution is dropped on water, oleic acid does not dissolve in 
water. Instead it soreads on the water surface pushing the lycopodium powder away to 
clear a circular area where the drop falls. We can therefore, measure the area over which 


oleic acid spreads. 
(c) In each mL of solution prepared volume of oleic acid = a mL x it = 0 
20 20 400 
(d) Volume of n drops of this solution of oleic acid can be calculated by means of a burette 
and measuring cylinder and measuring the number of drops. 


(e) If n drops of the solution make 1 mL, the volume of oleic acid in one drop will be 





mL 
(400)n 


Q. 43 (a) How many astronomical units (AU) make 1 parsec? 


(b) Consider a sunlike star at a distance of 2 parsecs. When it is seen 
through a telescope with 100 magnification, what should be the 
angular size of the star? Sun appears to be (1/2)° from the earth. Due 
to atmospheric fluctuations, eye cannot resolve objects smaller than 1 
arc minute. 


(c) Mars has approximately half of the earth's diameter. When it is closest 
to the earth it is at about 1/2 AU from the earth. Calculate what size 
it will appear when seen through the same telescope. 

Ans. (a) By definition, 
1 parsec = Distance at which 1 AU long arc subtends an angle of 1 s. 





í 1AU ) 
1 parsec =| ————— 
{arc sec 
1 deg = 3600arc sec 
TU 
1 parsec = ————_—- rad 
3600 x 180 
1 parséo = oe * 99 Ay =206265/AU w2 x10° AU 
TU 


(b) Sun’s diameter is Eh at 1 AU. 





a. “We oe 
Therefore, at 1 parsec, star is 3 / degree in diameter = 15 x 10™ arc min. 
x 


10° 


With 100 magnification, it should look 15 x10 arcmin. However, due to atmospheric 
fluctuations, it will still look of about 1 arcmin. It cannot be magnified using telescope. 
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(c) Given that Dms i ...(i) 


earth 
where D represents diameter. 
From answer 25(e) 


we know that, Doan 1 
Dan, 100 
D 1 | 
mee = x from Ea. (i 
D. 2 o0 [ q. (i)] 


At 1 AU sun’s diameter = Gl 


1 1 1 


mar’s diameter = — x = 
2 200 400 





At l AU, mar’s diameter = 7 x2°= Ea 
2 400 200 
With 100 magnification, Mar’s diameter = a « 100° = Gl = 30! 


This is larger than resolution limit due to atmospheric fluctuations. Hence, it looks 
magnified. 


Q. 44 Einstein's mass-energy relation emerging out of his famous theory of 
relativity relates mass (m) to energy (E) as E=mc*, where c is speed of 
light in vacuum. At the nuclear level, the magnitudes of energy are very 
small. The energy at nuclear level is usually measured in MeV, where 
1MeV =1.6x10°'°J; the masses are measured in unified atomic mass 
unit (u) where, 1u = 1.67x 10” kg. 

(a) Show that the energy equivalent of 1u is 931.5 MeV. 
(b) A student writes the relation as 1u= 931.5 MeV. The teacher points out 
that the relation is dimensionally incorrect. Write the correct relation. 
@ Thinking Process 
In this problem, we have to apply Einstein's mass-energy relation. E = mc? , to 
calculate the energy equivalent of the given mass. 
Ans. (a) We know that 
1 amu = 1u = 1.67 x 10°*’kg 
Applying E = mc? 
Energy = E = (1.67 x 107) (3 x108)? J 
= 1.67 x9x107"'J 
r_167x9 x107"! 


eco MeV =939.4MeV = 931.5 MeV 
O X 


(b) The dimensionally correct relation is 
1 amu xc? = tu x c? = 931.5 MeV 
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Multiple Choice Questions (IMCQs) 


Q. 1 Among the four graph shown in the figure there is only one graph for 
which average velocity over the time interval (0,7) can vanish for a 


suitably chosen T. Which one is it? 


i x 
(a) a : ` 
t 
x x 
(© (d) f 
t t 


@ Thinking Process 
In this problem, we have to locate the graph which is having same displacement for 
two timings. When there are two timings for same displacement the corresponding 


velocities will be in opposite directions. 
Ans. (b) In graph (b) for one value of displacement there are two different points of time. 
Hence, for one time, the average velocity is positive and for other time is equivalent 


negative. 
As there are opposite velocities in the interval O to 7 hence average velocity can vanish 


in (b). This can be seen in the figure given below 





Here, OA = BT (same displacement) for two different points of time. 
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Q. 2 A lift is coming from 8th floor and is just about to reach 4th floor. Taking 
ground floor as origin and positive direction upwards for all quantities, 
which one of the following is correct? 

(a)x <0,v <0,a>0 (b)x >0,v <0,a<O 
icja“>0,v=<0,a>0 (d)x>0,v>0,a<0O 

Ans. (a) As the lift is coming in downward directions displacement will be x 


negative. We have to see whether the motion is accelerating or 
retarding. 


We know that due to downward motion displacement will be x<0 

negative. When the lift reaches 4th floor is about to stop hence, 

motion is retarding in nature hence, x <0; a >Q. 

As displacement is in negative direction, velocity will also be Ath floor 
negative i.e., v <0. x<0 

This can be shown on the adjacent graph. Ground floor 


8th floor 





Q. 3 In one dimensional motion, instantaneous speed v satisfies 0 < v <Vo. 


(a) The displacement in time T must always take non-negative values 
(b) The displacement x in time T satisfies — vo T <x < voT 

(c) The acceleration is always a non-negative number 
) 


(d 
Ans. (6) For maximum and minimum displacement we have to keep in mind the magnitude and 
direction of maximum velocity. 


As maximum velocity in positive direction is Vọ maximum velocity in opposite direction is 
alSO Vo. 


Maximum displacement in one direction = Vol 
Maximum displacement in opposite directions = — Vol 


Note We should not confuse with direction of velocities i.e., in one direction it is taken 
as positive and in another direction is taken as negative. 


The motion has no turning points 


Q. 4 A vehicle travels half the distance / with speed v, and the other half with 
Speed v,, then its average speed is 


(a 1-2 b) Mi ¥2 (© (d) 
2 vı + V3 vı + V3 VV> 


@ Thinking Process 


To calculate average speed we will calculate total distance covered and will divide 
by total time taken. 


Ans. (c) Time taken to travel first half distance t, = L12 = = 
Vy Vy 





Time taken to travel second half distancet, = = 
Vo 


Total time =t, + t, 


l l [| 1 1 
2V, 2V; 2|V; Vo 
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total distance 











We know that, Vy = Average speed = 
total time 
7 l 2V9 
I 1 7 1 V4 + V9 
2| vV Vo 
Note We should not confuse with distance and displacement. Distance 
> displacement. 


Q. 5 The displacement of a particle is given by x = (t —2)* where x is in metre 
and t in second. The distance covered by the particle in first 4 seconds is 
(a) 4m (b) 8 m (c) 12m (d) 16m 
@ Thinking Process 


In such type of problems we have to see whether the motion is accelerating or 
retarding. During retarding journey particle will stop in between. 


Ans. (b) Given, x=(t -27 
i dx q 2 
Velocity, v = — = —(t -2Y =2( -—2)m/s 
y T me ) € —2)m/ 
Acceleration, ay —2)| 
at at 
= 2[1 - 0] =2m/s* 
When, t=0 v=-—4m/s 


f a25: V=O0nys 
t=4s; v=4m/s 





v-t graph is shown in adjacent diagram. 
Distance travelled = area of the graph 


= area OAC + area ABD 


ee E e 
2 2 





Q. 6 At a metro station, a girl walks up a stationary escalator in time t,. If she 
remains stationary on the escalator, then the escalator take her up in time 
t,. The time taken by her to walk up on the moving escalator will be 
(a) (t; + t,)/2 (b) t,t, /(t, - t) (c) tt. / (ty + t,) (d)t, -t, 
Ans. (c) In this question, we have to find net velocity with respect to the Earth that will be equal 
to velocity of the girl plus velocity of escalator. 
Let displacement is L,then 


|5 


velocity of girl v} = 


= 


velocity of escalator v, = 


~ 


2 


, , L 
Net velocity of the girl = v} +v, =— + A 
1 2 
Ift is total time taken in covering distance L ,then 


L L L tt 
t t, b Lords 
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Multiple Choice Questions (More Than One Options) 


Q. 7 The variation of quantity A with quantity B, plotted in figure. Describes 
the motion of a particle in a straight line. 


A=» 


B—- 
a) Quantity B may represent time 
b) Quantity A is velocity if motion is uniform 
c) Quantity A is displacement if motion is uniform 


Cees FS AS 


d) Quantity A is velocity if motion is uniformly accelerated 


Ans. (a, c, d) 
When we are calculating velocity of a displacement-time graph we have to take slope 
similarly we have to take slope of velocity-time graph to calculate acceleration. When slope 
is constant motion will be uniform. 


When we are representing motion by a graph it may be displacement-time, velocity-time or 
acceleration-time hence, B may represent time. For uniform motion velocity-time graph 
should be a straight line parallel to time axis. For uniform motion velocity is constant hence, 
slope will be positive. Hence quantity A is displacement. 


For uniformly accelerated motion slope will be positive and A will represent velocity. 


Q. 8 A graph of x versus t is shown in figure. Choose correct alternatives given 
below 


DY t 
a) The particle was released from rest att =O 
b) At B, the acceleration a > 0 
c) Average velocity for the motion between A and D is positive 
d) The speed at D exceeds that at F 


@ Thinking Process 


( 
( 
( 
( 


d 
In this problem, we have to apply formula for slope = A for the graph and velocity 
dx 
V = —. 
dt 
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Ans. (a, c, d) 
As per the diagram, at point A the graph is parallel to time axis hence, v = = = 0. As the 


starting point is A hence, we can say that the particle is starting from rest. 
At C, the graph changes slope, hence, velocity also changes. As graph at C is almost 
parallel to time axis hence, we can say that velocity vanishes. 
As direction of acceleration changes hence, we can say that it may be zero in between. 
From the graph it is clear that 
|slope at D| > |slope at E| 
Hence, speed at D will be more than at E. 
Note We should be very clear about magnitude of slope. Negative slope does not 
mean less value. It represents change in direction of velocity. 


Q. 9 For the one-dimensional motion, described by x =t —sint 


(a) x(t) > O for allt >0 (b) v(t) > O for allt >0 
(c) a(t) >O for allt >0 (d) v(t) lies between O and 2 
Ans. (a, d) 
Given, x =t -sint 


velocity v = s = CF —sint] 
at at 


= 1 — cost 


Acceleration a = sid = car — cost ]= sint 
at at 


As acceleration a >0 forall t >0 

Hence, x(t)>0 forall t >0 
Velocity v = 1 — cos t 

When, cost = 1 velocity v = 0 


Vmax = 1—- (cost), =1-(-1)=2 
Vmin = 1— (COST) max =1-1= 0 
Hence, v lies between 0 and 2. 


; dv 
Acceleration a = T = -Sint 


When t=0x=0x=+1a=0 
When t=Siestv=Oa=~1 


When t=nx=Ox=-1a=1 
Whent =2m «= 0z =0a=0 
Note (i) When sinusoidal function is involved in an expression we should be careful about 
sine and cosine functions. 


(ii) We should be very careful when calculating maximum and minimum value of 
velocity because it involves inverse relation with cost in the given expression. 


Q. 10 A spring with one end attached to a mass and the other to a rigid 
support is stretched and released. 
(a) Magnitude of acceleration, when just released is maximum 
(b) Magnitude of acceleration, when at equilibrium position, is maximum 
(c) Speed is maximum when mass is at equilibrium position 
(d) 


d 


Magnitude of displacement is always maximum whenever speed is minimum 
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Ans. (a, c) 


When spring is stretched by x, restoring force will be F = — kx 


1 
Potential energy of the stretched spring = PE = 5 he 


The restoring force is central hence, when particle released it will execute SHM about 
equilibrium position. 


; F =k 
Acceleration will be Ti 
mo m 
At equilibrium position, c=) > a=0 
Hence, when just released Sk 


Hence, acceleration is maximum. Thus option (a) is correct. 
At equilibrium whole PE will be converted to KE hence, KE will be maximum and hence, 
speed will be maximum. 


Q. 11 A ball is bouncing elastically with a speed 1 m/s between walls of a 
railway compartment of size 10 m in a direction perpendicular to walls. 
The train is moving at a constant velocity of 10 m/s parallel to the 
direction of motion of the ball. As seen from the ground. 
(a) The direction of motion of the ball changes every 10. 
(b) Speed of ball changes every 10 
(c) Average speed of ball over any 20 interval is fixed. 
(d) The acceleration of ball is the same as from the train 
Ans. (b, C, d) 
In this problem, we have to keep in mind the frame of the observer. Here we must be clear 
that we are considering the motion from the ground. Compare to velocity of trains (10 m/s) 
speed of ball is less (1 m/s). 
The speed of the ball before collision with side of train is 10 + 1=11m/s. 
Speed after collision with side of train = 10 — 1 = 9 m/s. 
As speed is changing after travelling 10 m and speed is 1 m/s hence, time duration of the 
changing speed is 10. 
since, the collision of the ball is perfectly elastic there is no dissipation of energy hence, total 
momentum and kinetic energy are conserved. 


Since, the train is moving with constant velocity hence, it will act as inertial frame of 
reference as that of Earth and acceleration will be same in both frames. 


We should not confuse with non-inertial and inertial frame of reference. A frame of reference 
that is not accelerating will be inertial. 


20 NCERT Exemplar (Class XI) Solutions 


Very Short Answer Type Questions 


Q. 12 Refer to the graph in figure. Match the following 





Graph Characteristics 
(a) (i) hasv >0and a < 0 throughout 
(b) (ii) has x > 0 throughout and has a point with 


v =0and a point with a =0 


— 
QO 
NS 
— 
<7 


has a point with zero displacement fort > 0 
hasv <Oanda>0 


2 
= 








X X 


O t O t 
e We have to analyse slope of each curve i.e., ae For peak points of will be Zero as x is 
maximum at peak points. 
For graph (a), there is a point (B) for which displacement is zero. So, a matches with (ili) 


In graph (b), x is positive (> 0) throughout and at point B, V = 2 =Q. 


since, at point of curvature changes a = 0, So b matches with (ii) 


In graph (c), slope V = = is negative hence, velocity will be negative. 


so matches wth (iv) 


In graph (d), as slope V = 2 is positive hence, V >0 


Hence, d matches with (i) 


Q. 13 A uniformly moving cricket ball is turned back by hitting it with a bat for 
a very short time interval. Show the variation of its acceleration with 
time (Take acceleration in the backward direction as positive). 

Ans. If gravity effect is neglected then ball moving uniformly turned back with same speed when 


a bat hit it. Acceleration of the ball is zero just before it strikes the bat. When the ball strikes 
the bat, it gets accelerated due to the applied impulsive force by the bat. 
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The variation of acceleration with time is shown in graph 
a 


t 


Q. 14 Give examples of a one-dimensional motion where 


(a) the particle moving along positive x-direction comes to rest 
periodically and moves forward. 


(b) the particle moving along positive x-direction comes to rest 
periodically and moves backward. 
Ans. When we are writing an equation belonging to periodic nature it will involve sine or cosine 
function. 
(a) The particle will be moving along positive x-direction only ift >sint 


Hence, x(t)=1-sint 


Velocity v(t ) = = =1-cost 


, d 
Acceleration a(t) = z =Sint 


When r=0-x(0) 20 
When L=7,.x40 =n 
When t=O; x )=2n>0 
(b) Equation can be represented by 
xif)=sint 
d 
v=—x(t)=cost 

at 
As displacement and velocity is involving sint and cost hence these equations represent 
periodic. 


Q. 15 Give example of a motion where x>0, v<0, a>0 at a particular 


instant. 
Ans, Let the motion is represented by 
x(t)=A+ Be“ (i 
Let A>B and y>0 
Now velocity x(t)= = = — Bye" 
Acceleration a(t) = = = Bye" 


Suppose we are considering any instantt, then from Eq. (i), we can say that 
x(t)>O;v(t)<O and a>0 
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Q. 16 An object falling through a fluid is observed to have acceleration given 
by a =g —bv where g = gravitational acceleration and b is constant. 
After a long time of release, it is observed to fall with constant speed. 
What must be the value of constant speed? 


Ans. When speed becomes constant acceleration a = x =0 


Given acceleration a=g-bv 

where, g = gravitational acceleration 

Clearly, from above equation as speed increases acceleration will decrease. At a certain 
speed say Vy, acceleration will be zero and speed will remain constant. 

Hence, a=g-—bv, =0 

= Va =g/b 


Short Answer Type Questions 


Q. 17 A ball is dropped and its displacement versus time graph is as shown 
(Displacement x from ground and all quantities are positive upwards). 
X 


t 
(a) Plot qualitatively velocity versus time graph 


(b) Plot qualitatively acceleration versus time graph 
@ Thinking Process 


To calculate velocity we will find slope s for displacement-time curve and to find 
acceleration we will find slope of velocity-time curve. 


Ans, Itis clear from the graph that displacement x is positive throughout. Ball is dropped from a 
height and its velocity increases in downward direction due to gravity pull. In this condition 
v is negative but acceleration of the ball is equal to acceleration due to gravity i.e., a= -—g. 
When ball rebounds in upward direction its velocity is positive but acceleration is a = - g. 


(a) The velocity-time graph of the ball is shown in fig. (i). 
V 
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(b) The acceleration-time graph of the ball is shown in fig. (ii). 
a 
(ii) o t 


-g 


Q. 18 A particle executes the motion described by x(t) =x,)(1—-e ");t 20, 
Xo >0. 
(a) Where does the particle start and with what velocity? 
(b) Find maximum and minimum values of x (t), v(t), a(t). Show that x(t) 
and a(t) increase with time and v(t) decreases with time. 
@ Thinking Process 


First we have to calculate velocity and acceleration and then we can determine the 
maximum or minimum value accordingly. 


Ans. Given, x(t) = x,(1-e") 
dx(t) zr, 
Vi js" = x ve"? 
( ) ot XoY 
vit) z 
a(t) = 7 oan Xoy e 4 


(a) Whent = 0; x(t) = x (1-e°°) =x, (1- 1)=0 
x(t =0]= x ye? = Xpy(1) = Yxo 


(b) x(t)is maximum whent = œ OE hae = 0G 
x(t) is minimum whent = 0 [x(O) min = O 
v(t) is maximum whent = 0; v(O) = xoy 
v(t)is minimum whent = œ; v(œ) = 0 

a(t) is maximum whent = œ; a(co) = 0 
a(t)is minimum whent = 0; a(0) = - xoy” 

Note We should be careful about nature of variation of the curve and maximum and 

minimum value will be decided accordingly. 


Q. 19 A bird is tossing (flying to and fro) between two cars moving towards 
each other on a straight road. One car has a speed of 18 km/h while the 
other has the speed of 27 km/h. The bird starts moving from first car 
towards the other and is moving with the speed of 36 km/h and when 
the two cars were separated by 36 km. What is the total distance 
covered by the bird? 


@ Thinking Process 


In this problem we have to use the concept of relative velocity it will be subtracted 
for velocities in same direction and added for velocities in opposite directions. 


Ans. Given, Speed of first car = 18 km/h 
Speed of second car = 27 km/h 
Relative speed of each car w.r.t. each other 
= 18 + 27 = 45km/h 
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Distance between the cars = 36 km 


Time of meeting the cars (t) = Beano DEWET MGLA SU L = 2 = a h=O08h 
Relative speed of cars 45 5 


Speed of the bird (v,) = 36 km/h 
.. Distance covered by the bird =v, xt = 36 x 0.8 = 28.8 km 


Q. 20 A man runs across the roof, top of a tall building and jumps horizontally 
with the hope of landing on the roof of the next building which is at a 
lower height than the first. If his speed is 9 m/s, the (horizontal) 
distance between the two buildings is 10 m and the height difference is 
9 m, will be able to land on the next building? (Take g = 10 m/s°) 


@ Thinking Process 
When the man runs on the roof-top the velocity will be horizontal. Then, 
acceleration will be vertically down ward taken as g and then equations of 
kinematies will be applied. 


Ans. Given, horizontal speed of the man (u,) = 9 m/s 
Horizontal distance between the two buildings = 10 m 
Height difference between the two buildings = 9m 
and g =10m/s* 
Let the man jumps from point A and land on the roof of the next building at point B. 
Taking motion in vertical direction, 


1 2 
-— Ut + —at 
y 2 


9=Oxt +> x 10xt? 


9 = 5t? 


or 





| 3 2í 
<. Horizontal distance travelled =u, xt = 9 x —= = —= m 


J5 V5 
212m 
Horizontal distance travelled by the man is greater than 10 m, therefore, he will land on the 
next building. 
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Q. 21 A ball is dropped from a building of height 45 m. Simultaneously 
another ball is thrown up with a speed 40 m/s. Calculate the relative 


speed of the balls as a function of time. 


@ Thinking Process 
In this problem as ball is dropped, initial velocity will be taken as zero. We will apply 
equations involving one dimensional motion. 
Ans. For the ball dropped from the building, u, = 0, u, = 40m/s 
Velocity of the dropped ball after timet, 


Vv, =U; + 9t 

v,=gt (downward) 
For the ball thrown up, u, = 40 m/s 
Velocity of the ball after timet 

Və =U, — 9t 

= (40 - gt) (upward) 

z. Relative velocity of one ball w.r.t. another ball 

=V; -—V, 


= gt — [- (40 — gt )]= 40 m/s 
Note When we are applying equations for rectilinear motion we should carefully put 
up the signs for the physical quantities. 


Q. 22 The velocity- displacement graph of a particle is shown in figure. 
(a) Write the relation between v and x. 
(b) Obtain the relation between acceleration and displacement and plot 
it. 


@ Thinking Process 
In this problems we will use the concept of slope. Suppose the slope is m then 
equation will come out to bey = mx + ©. 


Ans. Given, initial velocity = vo 
Let the distance travelled in timet = xg. 


V Va —V 
For the graph tang =—2 =-9 — (i) 
Xo x 
where, v is velocity and x is displacement at any instant of time t. 
, Vo 
From Eq. (i) Vy- Vee 
Xo 
=> V=—X¥ + Vo 


Xo 
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We know that 
dv —Vo ax 








Acceleration a = — = —~ — + 0 
dt x, at 
= 
=> a=—2 (vy) 

Xo 
—Va [=V 

S Ox + fo 
Xo \ Xo 

2 2 

_ VG Vo 

= =a xXx — 
Xo Xo 


Graph of a versus x is given above. 


Long Answer Type Questions 


Q. 23 It is a common observation that rain clouds can be at about a kilometer 
altitude above the ground. 
(a) If a rain drop falls from such a height freely under gravity, what will be 
its speed? Also calculate in km/h (g = 10 m/s°). 
(b) A typical rain drop is about 4 mm diameter. Momentum is mass x speed 
in magnitude. Estimate its momentum when it hits ground. 
(c) Estimate the time required to flatten the drop. 
(d) Rate of change of momentum is force. Estimate how much force such a 
drop would exert on you. 
(e) Estimate the order of magnitude force on umbrella. Typical lateral 
separation between two rain drops is 5 cm. 
(Assume that umbrella is circular and has a diameter of 1 m and cloth is 
not pierced through.) 


@ Thinking Process 


In this problem equation of motion and Newton's seconds law that is Fy; = 2 will 


be used. where dp is change in momentum over time dt. 
Ans. Given, height (h) = 1km = 1000 m 
g =10m/s? 


(a) Velocity attained by the rain drop in freely falling through a height h. 


v = J2gh = ./2 x 10 x 1000 = 10042 m/s 


60 x 60 
~ 100\2 km/h 
v2 x ooo 


= 360V2 km/h = 510 km/h 


(b) Diameter of the drop (d) = 2r = 4mm 
<. Radius of the drop (r) = 2 mm =2 x10% m 
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Mass of a rain drop (m) = V xp 


4 8 
=> 
r 
4 2 Beane pa | eddie 
En x (2 < 10)" x10 (. Density of water = 10° kg/m”) 
~ 3.4 x10°kg 
Momentum of the rain drop (0) = mv 


=34x10° x 100V2 

= 47 x 10° kg-m/s 

~5 x 10°kg-m/s 
(c) Time required to flatten the drop = time taken by the drop to travel the distance equal to 

the diameter of the drop near the ground 

d 4x10° 
=v 100/2 
= 2.8 x 10” s = 30 ms 


= 0.028x10°%s 


(d) Force exerted by a rain drop 
Change in momentum p- 0 


Fo = 
Time t 
-3 
28x10° 


(e) Radius of the umbrella (R) = 5 m 


2 
z. Area of the umbrella (A) = nR? = - x (=) E ~ 0.8m? 


7 \2) 28° 144 
Number of drops striking the umbrella simultaneously with average separation of 5 cm 
=5x107 m. 
-08 320 
(5x105) 


~. Net force exerted on umbrella = 320 x 168 = 53760 N = 54000 N 
Note ln practice, the velocity of the drops decreases due to air friction. 


Q. 24 A motor car moving at a speed of 72 km/h cannot come to a stop in less 
than 3.0 s while for a truck this time interval is 5.0 s. On a highway, the 
car is behind the truck both moving at 72 km/h. The truck gives a signal 
that it is going to stop at emergency. At what distance the car should be 
from the truck so that it does not bump onto (collide with) the truck. 
Human response time is 0.5 s. 

Ans, In this problem equations related to one dimensional motion will be applied for 


acceleration positive sign will be used and for retardation negative sign will be used. 
Given, speed of car as well as truck = 72 km/h 


= 12 x > m/s =20m/s 
18 
Retarded motion for truck v=u+a,t 


0O=20+a, x5 
or a, =—4m/s* 
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Retarded motion for the car V=UsF al 
O0=20+a4, x3 
20 2 
or aeai 


C 


Let car be at a distance x from truck, when truck gives the signal and t be the time taken to 
cover this distance. 

As human response time is 0.5 s, therefore, time of retarded motion of car is (t — 0.5) s. 
Velocity of car after time t, 


Vo =U — at 
-20-(2°\¢ -o8 
3 
Velocity of truck after time t, 
To avoid the car bump onto the truck, 
Ve =M 
20 — Zi — 0.5) = 20 — 4t 
4t = a — 0.5) 
3 
5 
t=-(¢ -05 
) 
3t = 5t — 2.5 
20 9 
2 4 


Distance travelled by the truck in time t, 
L 
S =Ut-+—a lt 
t t 2 t 
2 
Era 2 «(-4) «(2 
4 2 4 


=e lorem 


Distance travelled by car in timet = Distance travelled by car in 0.5 s (without retardation) 
+ Distance travelled by car in (t — 0.5)s (with retardation) 


2 
x = 2008) 2$- 05) - t2) - os) 
4 2\3)4 


= 23.125m 
S, — S, = 23.125 — 21875 =1.250m 


Therefore, to avoid the bump onto the truck, the car must maintain a distance from the truck 
more than 1.250 m. 


Q. 25 A monkey climbs up a slippery pole for 3 and subsequently slips for 3 . 
Its velocity at time t is given by v (t)=2t @s-t);0<t<3 and 
v (t)=-(t- 3) (6-t) for 3<t<6s in m/s. It repeats this cycle till it 
reaches the height of 20 m. 
(a) At what time is its velocity maximum? 


(b) At what time is its average velocity maximum? 
(c) At what time is its acceleration maximum in magnitude? 
) 


(d) How many cycles (counting fractions) are required to reach the top? 
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, , , dv , 
AnS. it this problem to calculate maximum velocity we will use then the time 


corresponding to maximum velocity will be obtained. 
Given velocity 
v (t)=2t (3-t)= 6t — 2t? ...(i) 


(a) For maximum velocity ae =) 

=> 2 et ~2t*)=0 

at 
= 6-4t =0 
= Pa eee ies 
4 2 

(b) From Eq. (i) v = 6t — 2t? 

= oS eee 

at 
=> ds =(6t - 2t*)dt 


where, s is displacement 
<. Distance travelled in time interval O to 3s. 


3 
s =| € <2 jdt 


2 378 3 
|66 et s(a -Ze | 
2 38 a d 


0 


=8x9-2x8x3x3 








=27-18=9m. 
Distance travelled 
Average velocity =————_— 
Time 
s onk 
3 
Given, x =6t-2t? 
= 3 = 6t -2° 
=> 2t? —6t-3=0 
6+ J6? -4x2x3 6436-24 
=> = = 
2x2 4 
GENT QENI 
oC Qf f 


Considering positive sign only 
p _ 34+ 2V3 _ 3+2 x1732 9. 





2 2 4 
(c) In a periodic motion when velocity is zero acceleration will be maximum putting v = Oin 
Eq. (i) 
O=6t-—2t* 
= O=t (6-2t) 
=f x2 (3=t)=0 


=> t = Oor 3s 
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(d) Distance covered in 0 to 3s = 9m 


Distance covered in 3 to 6s = fas Oe $t jd 


a gan 
= Bi yh 
2 3), 


3 2 3 
exe xe | ee R 
2 3 2 





3 

3 
2108-9184 a 
3 2 3 


=108-18x9+ L - 54+ 45x9-9 =- 45m 
.. Total distance travelled in one cycle = s, + s, =9-45=45m 


, , 20 
Number of cycles covered in total distance to be covered = N x 444 x5. 


Q. 26 A man is standing on top of a building 100m high. He throws two balls 
vertically, one at t =0 and after a time interval (less than 2 seconds). 
The later ball is thrown at a velocity of half the first. The vertical gap 
between first and second ball is +15 m at t =2s. The gap is found to 
remain constant. Calculate the velocity with which the balls were thrown 
and the exact time interval between their throw. 
@ Thinking Process 
In this question equation of kinematics will be applied with proper sign and to 
calculate time interval we will take difference of displacements. 
Ans. Let the speeds of the two balls (land 2) be v} and v, where 
If v4 =2V,V, =V 
if y, and y, and the distance covered by 
the balls 1 and 2 , respectively, before coming to rest, then 





ve 4y? v ve 
29 2g 29g 2g 
2 „2 2 
Since, ¥,—Yo =1 N en or N = 15m 
2g 2g 
or vê = /5mx(2 x10) m/s? 
or v=10m/s 
Clearly, v} = 20m/s and v, = 10 m/s 
ve (20m)° 
as == -= 
2g 2x10m15 


Yo = Y,— 19m = mM 
Ift, is the time taken by the ball 2 toner 


1 
a distance of 5m then from y, = vot — 5 oe 


b= 10t5—55 Oi, =2,41=0, 


where t, =15 
Since t, (time taken by ball 1 to cover distance of 20m ) is 2s, time interval between the two 
thrvws 


Note We should be very careful, when we are applying the equation of rectilinear 
motion. 
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Multiple Choice Questions (IMCQs) 


Q. 1 The angle between A= i+j and B= Î — j 1s 
(a) 45° (b) 90° (c) — 45° (d) 180° 


@ Thinking Process 
To solve such type of questions, we have to use the formula for dot product or cross 
product. 
Ans. (b) Given, A=i + j 
B=i-j 


We know that 
A-B = |A||B |cos 0 


= (i+ j).(i- j)=(/1+ 1)(/1+4 1)cos 6 


where @ is the angle between A and B 
e070! 0G 


=> cos 0=— = 
J2J2 2 
=> 0 = 90° 
Q. 2 Which one of the following statements is true? 
(a) A scalar quantity is the one that is conserved in a process 
(b) A scalar quantity is the one that can never take negative values 
(c) A scalar quantity is the one that does not vary from one point to another in 
space 
(d) A scalar quantity has the same value for observers with different orientation of 
the axes 
Ans. (d) A scalar quantity is independent of direction hence has the same value for observers 
with different orientations of the axes. 
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Q. 3 Figure shows the orientation of two vectors u and v ” 
in the xy-plane. 
Ifu=ai +bj andv = pi +g] P v 
Which of the following is correct? 
) a and p are positive while b and q are negative 5 x 


(a 
(b) a, p and b are positive while q is negative 
(c) a, q and b are positive while p is negative 
(d) a, b, p and g are all positive 
@ Thinking Process 
In this question according to the diagram, we have to decide the components of a 
given vector. 
Ans. (b) Clearly from the diagram, u = ai + bj 
As uis in the first quadrant, hence both components a and b will be positive. 
For v= pi +q j, as it is in positive x-direction and located downward hence 
x-component p will be positive and y-componentg will be negative. 


Q. 4 The component of a vector r along X-axis will have maximum value if 
(a)r is along positive Y-axis 
(b) r is along positive X-axis 
(c)r makes an angle of 45° with the X-axis 
(d)r is along negative Y-axis 
Ans. (b) Letr makes an angle 8 with a: x-axis component ofr along X-axis 


=  ( COS 0) )neodrmum 
=|r|/cos0°= |r| (~ cos0 is maximum of 0 = 0°) 


As = 0° 
r is along positive x-axis. 





maamin 


Q. 5 The horizontal range of a projectile fired at an angle of 15° is 50 m. If it is 
fired with the same speed at an angle of 45°, its range will be 





(a) 60 m (b) 71 m 
(c) 100 m (d) 141 m 
Ans. (c) We know that y 
where @ is angle of projection 
Given, @=15° and R=50m 
2, u 
Range, R= u“ sine 0 
i A 
. ; ; X 
Putting all the given values in the formula, - get o R 
- R= 50m a sini x15") 
g 
= 50 xg <u? sin30°=u? x_ 


2 
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5 50 x g x2 =u? 
=> u? = 50 x 9.8 x2 = 100 x 9.8 = 980 
= u = V980 =,/49 x20 =7 x2 x V5 m/s 


= 14 x223 m/s = 31304m/s 


Ba sin2 x 45° u? 








For 0 = 45° R (. sin 90° = ) 
g g 
2 
- p — (145) Urre am 
g 9.8 


Q. 6 Consider the quantities, pressure, power, energy, impulse, gravitational 
potential, electrical charge, temperature, area. Out of these, the only 
vector quantities are 

(a) impulse, pressure and area (b) impulse and area 
(c) area and gravitational potential (d) impulse and pressure 


Ans. (b) We know that impulse J = F. At = Ap, where F is force, At is time duration and Ap is 
change in momentum. As Ap is a vector quantity, hence impulse is also a vector 
quantity. Sometimes area can also be treated as vector. 


Q. 7 In a two dimensional motion, instantaneous speed vọ is a positive 


constant. Then, which of the following are necessarily true? 
(a) The average velocity is not zero at any time 


( 


b) 

(c) Displacements in equal time intervals are equal 
(d) 

@ Thinking Process 


As speed is a scalar quantity, hence it will be related with path length (scalar 
quantity) only. 


Ans. (d) We know that 


Average acceleration must always vanish 


Equal path lengths are traversed in equal intervals 


total distance travelled 
time taken 
Hence, total distance travelled = Path length 
= (speed) xtime taken 


Note We should be very careful with the fact, that speed is related with total 
distance covered not with displacement. 


speed, Vo = 


Q. 8 In a two dimensional motion, instantaneous speed v, is a positive 
constant. Then, which of the following are necessarily true? 


(a) The acceleration of the particle is zero 

(b) The acceleration of the particle is bounded 

(c) The acceleration of the particle is necessarily in the plane of motion 
d) 


( 


Ans. (c) As given motion is two dimensional motion and given that instantaneous speed v, is 
positive constant. Acceleration is rate of change of velocity (instantaneous speed) 
hence it will also be in the plane of motion. 


The particle must be undergoing a uniform circular motion 
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Multiple Choice Questions (More Than One Options) 


Q. 9 Three vectors A,B and C add upto zero. Find which is false. 


(a) (Ax B) x Cis not zero unless B, C are parallel 

(b) (Ax B) . Cis not zero unless B, C are parallel 

(c) If A, B, C define a plane, (A x B) x Cis in that plane 
(d) (Ax B) . C=|A| |B||C|> C*=A*+B° 


@ Thinking Process 
This question can solved by checking each options one by one. 
Ans. (b, d) 
GivenA+B+C=0 
Hence, we can say that A,B and C are in one plane and are represented by the three sides 
of a triangle taken in one order. Now consider the options one by one. 
(a) We can write 
Bx(A+B+C)=Bx0=0 
BxA+BxB+BxC=0 
BxA+0+BxC=0 
BxA=-BxC 
AxB=BxC 
(A xB) xC =(BxC)xC 


Uuu 


It cannot be zero. 
IfB || C, then B xC = 0, than B xC) xC =0. 


(b) (A x B). C = (B x AC). C = 0 whatever be the positions of A,B and C. If B||C, then 
BxCG=0,then(B xC)xC =0. 


(c) (A xB) =X = AB sin X. The direction of X is perpendicular to the plane containing A 
and B. (A x B) x C = X xC. Its direction is in the plane of A,B and C. 


(d) IfC* = Aê +B7, then angle between A and B is 90° 
(A xB).C = (AB sin 90° X).C = AB (X.C) 
= ABC cos 90° = 0 


Q. 10 It is found that A+ B|=|A|. This necessarily implies. 


(a) B=0 (b) A, B are antiparallel 
(c) A, B are perpendicular (d) AB < 0 
Ans. (a, b) 
Given that |A+B|=|A| or |A+ Bi? =|Af 
=> [A/ + |Bi° + 2)A||B|cos 6 =|A|° 
where 9 is angle between A and B. 
5 |B| (|B| + 2 |A| cos 6) = 0 
=> 'B|=0 or |B] + 2/A|cos 0 =0 
> on eee (i) 


2|A 
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If A and B are antiparallel, then 6 = 180° 
Hence, from Eq. (i) 


12- B|- Bj=2JA 
2 |A| 


Hence, correct answer will be either |B| = 0 or A and B are antiparallel provided |B | = 2 |A 


Q. 11 Two particles are projected in air with speed v) at angles O0} and 0, 


(both acute) to the horizontal, respectively. If the height reached by the 
first particle is greater than that of the second, then tick the right 


choices. 
(a) Angle of projection q, > q> (b) Time of flight h > T, 
(c) Horizontal range R, >R, (d) Total energy U, > U, 


@ Thinking Process 
n this problem, we have to apply equation for maximum height reached H = 
u^ sin’ @ 





, where 0 is angle of projection and u is speed of projection of a projectile 


motion. 


Ans. (a, 6, c) 
We know that maximum height reached by a projectile, 

















D uf sinf 0 
2g 
2 ain? 
H, = orh (for first particle) 
2g 
2 ain? 
= oon (for second particle) 
2g 
According to question, we know that 
H, >H, 
Pe 2 ete 
= Vo SIN” ©; , Yo Sin 05 
2g 2g 
= sinf 0, >sin? 0, 
> sinf 0, - sin? 0, >0 
= (sin®, — sin@,) (sin®, + sin@,) >0 
Thus, either sinO, + sin@, >0 
=> sin; —sin@, >0 
= sin@, >sin@, or 0, >90, 
2 , 
Time of fight, E o a 
g g 
2 l 
ae n Vo SIN ©; 
g 
p- 2 Vosin 0, 
g 
(Here, 7, = Time of flight of first particle and T, = Time of flight of second particle). 
As, sin 6, >sinð, 


Hence, L >T, 
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We know that 
u° sin20 v6 sin20 





Range, R = 
g 
o.. 
20 
R, =Range of first particle = Boe t 
| ve sin20 
R, =Range of second particle = --———# 
Given, sin, >sin 0, 
= sin2 6, >sin2 6, 
R, sind 8, 
= a >1 
Ay sin20, 
= A. Sk, 


Total energy for the first particle, 
U; = KE + PE => mi 
(This value will be constant throughout the journey) 
U, =KE+PE= ; Movi (Total energy for the second particle) 


Total energy for the second particle 

If m= m then U, =U, 
m >m, then U, >U, 
m <m, then U} <U> 


Q. 12 A particle slides down a frictionless parabolic (y + x*) track (A -B - C) 
starting from rest at point A (figure). Point B is at the vertex of parabola 
and point C is at a height less than that of point A. After C, the particle 
moves freely in air as a projectile. If the particle reaches highest point 
at P, then 





a) KE at P = KE at B 

b) height at P = height at A 
c) total energy at P = total energy at A 
) 


d 
@ Thinking Process 


In this type of question, nature of track is very important of consider, as friction is 
not in this track, total energy of the particle will remain constant throughout the 
journey. 


( 
( 
( 
( 


time of travel from A to B = time of travel from B to P 


Motion in a Plane 43 


Ans. (c) 

As the given track y = x 
throughout the journey. 
Hence, total energy at A = Total energy at P. At B, the particle is having only KE but at P 
some KE is converted to P. 
Hence, (KE) 5 > (KE) p 
Total energy at A = PE= Total energy at B= KE 

=Total energy at P 

=PE+ KE 
The potential energy at A, is converted to KE and PE at P, hence 

(PE) P< (PE) A 

Hence, (Height) P < (Height) A 
As, height of P < Height of A 
Hence, path length AB > path length BP 
Hence, time of travel from A to B # Time of travel from B to P. 


? is a frictionless track thus, total energy (KE + PE) will be same 


Q. 13 Following are four different relations about displacement, velocity and 
acceleration for the motion of a particle in general. Choose the incorrect 





one (s). 
1 rt.) — r(t) 
(a) Vay == vt) + v(t] (b) Vz, = 2 
1 vit 5) — v(t,) 
(© r == (vt) — vit) t-t) (d) aay =———— 
2 t2- t 
Ans. (a, c) 
If an object undergoes a displacement Ar in time At, its average velocity is given by 
V= aa Ser ; where 4 and n are position vectors corresponding to timet, andt.. 
2 "1 
It the velocity of an object changes from v; to v, in time At. Average acceleration is given by 
AV V-V 
day eg oe 
A ta = Ts 
But, when acceleration is non-uniform 
V, + V5 
We can write AV = = 
At 
Hence, Ar = fh -h =(Vo — Vy) fo —t)) 


Q. 14 For a particle performing uniform circular motion, choose the correct 
statement(s) from the following. 
(a) Magnitude of particle velocity (speed) remains constant 
(b) Particle velocity remains directed perpendicular to radius vector 
(c) Direction of acceleration keeps changing as particle moves 
(d) Angular momentum is constant in magnitude but direction keeps changing 
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Ans. (a, b, c) 


For a particle performing uniform circular motion 
(i) speed will be constant throughout. 


(ii) velocity will be tangential in the direction of motion at a 
particular point. 
2 
" V , 
(iii) acceleration a = —, will always be towards centre of the 
r 


circular path. 


(iv) angular momentum (mvr) is constant in magnitude and 
direction/out of the plane perpendicularly, as well. 


Note In uniform circular motion, magnitude of velocity and acceleration is constant 


but direction changes continuously. 


Q. 15 For two vectors A and B, 
a)| A|=|B| #0 

b) ALB 

C) | A | = | B | #0 and A and Bare parallel or anti-parallel 
d) 


Ans. (b, d) 
Given, |A + B| =|A-B| 





when either | A| or | B| is zero 





=> 

=> |A/ + |B +2|A||B]cos 6=|A|° +|BŰ -2|A||B|cos 0 
=> 4|A||B|cos 6=0 

=> |A||B|cos 6 = 0 

=> |A| = Oor |B] = Oor cos 8 =0 

=> 0 = 90° 


When 9 = 90°, we can say that A L B 


Very Short Answer Type Questions 


Q. 16 A cyclist starts from centre O of a circular park of radius 1 
km and moves along the path OPRQO as shown in figure. 
If he maintains constant speed of 10 ms‘, what is his 
acceleration at point R in magnitude and direction? 


Ans. As shown in the adjacent figure. The cyclist covers the path OPRQO. 
As we know whenever an object performing circular motion, acceleration 
is called centripetal acceleration and is always directed towards the 
centre. 


ve 


Hence, acceleration at R is a = — 
7 


(10? 100 


See 0.1m/s? along RO. 





A+ B|=|A— B| is always true when 


Al + |B/ + 2|A]|B| cos 6=,/|A/ + |B -2|A||B|cos 8 


De 
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Q. 17 A particle is projected in air at some angle to the horizontal, moves 
along parabola as shown in figure where x and y indicate horizontal and 
vertical directions, respectively. Shown in the diagram, direction of 
velocity and acceleration at points A, B and C. 


y 


@ Thinking Process 


When a particle is under projectile motion, horizontal component of velocity will 
always be constant and acceleration is always vertically downward and is equal to 
g. 

Ans. Consider the adjacent diagram in which a particle is projected at an angle 8. 





V, = Horizontal component of velocity = v cos 8 = constant. 

v, = Vertical component of velocity = v sin 

Velocity will always be tangential to the curve in the direction of motion and acceleration is 
always vertically downward and is equal to g (acceleration due to gravity). 


Q. 18 A ball is thrown from a roof top at an angle of 45° above the horizontal. 
It hits the ground a few seconds later. At what point during its motion, 
does the ball have 

(a) greatest speed (b) smallest speed 
(c) greatest acceleration 
Explain. 


Ans. Consider the adjacent diagram in which a ball is 
projected from point O, and covering the path OABC. 


(a) At point B, it will gain the same speed u and after that 
speed increases and will be maximum just before 
reaching C. 


(b) During upward journey from O to A speed decreases 
and will be minimum at point A. 





(c) Acceleration is always constant throughout the è 
journey and is vertically downward equal to g. Ground 
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Q. 19 A football is kicked into the air vertically upwards. What is its (a) 
acceleration and (b) velocity at the highest point? 
Ans. (a) Consider the adjacent diagram in which a football is kicked into the air vertically 
upwards. Acceleration of the football will always be vertical downward and is equal to g. 
@ Peak point 


400; | 


(b) When the football reaches the highest point velocity will be zero as it is continuously 
retarded by acceleration due to gravity g. 


Q. 20 A, B and C are three non-collinear, non co-planar vectors. What can you 
say about direction of Ax(Bx C)? 


Ans. The direction of (B x C)will be perpendicular to the plane containing B and B by right hand 
rule. A x (B x C) will lie in the plane of B and C and is perpendicular to vector A. 


Q. 21 A boy travelling in an open car moving on a levelled road with constant 
speed tosses a ball vertically up in the air and catches it back. Sketch 
the motion of the ball as observed by a boy standing on the footpath. 
Give explanation to support your diagram. 

Ans. The path of the ball observed by a boy standing on the footpath is parabolic. The 


horizontal speed of the ball is same as that of the car, therefore, ball as well car travells 
equal horizontal distance. Due to its vertical speed, the ball follows a parabolic path. 


Note We must be very clear that we are working with respect to ground. When we 
observe with respect to the car motion will be along vertical direction only. 





Q. 22 A boy throws a ball in air at 60° to the horizontal along a road with a 
speed of 10 m/s (36 km/h). Another boy sitting in a passing by car 
observes the ball. Sketch the motion of the ball as observed by the boy 
in the car, if car has a speed of (18km/h). Give explanation to support 
your diagram. 


Ans. Consider the diagram below 
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The boy throws the ball at an angle of 60°. 
“. Horizontal component of velocity = 4 cos 0 


=(10 m/s) cos 60° = 10 Kos 5m/s. 


speed of the car = 18 km/h = 5 m/s. 
As horizontal speed of ball and car is same, hence relative velocity of car and ball in the 
horizontal direction will be zero. 
Only vertical motion of the ball will be seen by the boy in the car, as shown in fig. (b) 


Q. 23 In dealing with motion of projectile in air, we ignore effect of air resistance 
on motion. This gives trajectory as a parabola as you have studied. What 
would the trajectory look like if air resistance tance is include? Sketch such 
a trajectory and explain why you have drawn it that way. 


@ Thinking Process 


When air resistance is included the horizontal component of velocity will not be 
constant and obviously trajectory will change. 


Ans. Due to air resistance, particle energy as well as horizontal 
component of velocity keep on decreasing making the fall steeper 
than rise as shown in the figure. 

When we are neglecting air resistance path was symmetric 
parabola (OAB). When air resistance is considered path is 
asymmetric parabola (OAC). 





Short Answer Type Questions 


Q. 24 A fighter plane is flying horizontally at an altitude of 1.5 km with speed 
720 km/h. At what angle of sight (w.r.t. horizontal) when the target is 
seen, should the pilot drop the bomb in order to attack the target? 


@ Thinking Process 


When the bomb is dropped from the plane, the bomb will have same velocity as that 
of plane. 


Ans. Consider the adjacent diagram. Let a fighter plane, when it be Plane 
at position P, drops a bomb to hit a target T. 
Let <P PP a6 
speed of the plane = 720 km/h = 720 x > m/s=200m/s 
Altitude of the plane (P’7) = 1.5 km = 1500 m 
If bomb hits the target after time t, then horizontal distance 
travelled by the bomb, 
PP Sut =200r 
Vertical distance travelled by the bomb, 


Pra o = 1500 =~ x 98t2 
2 2 
_ 1500 


=> tt =-— = ps r 
4.9 49 
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Using value oft in Eq. (i), 
PP’ = 200 x 17.49 m 





Now, tan 0 = aaa = a = 49767 = tan 23° 12 
P'P 200x17.49 
0 = 23° 12 


Note Angle is with respect to target. As seen by observer in the plane motion of the 
bomb will be vertically downward below the plane. 


Q. 25 (a) Earth can be thought of as a sphere of radius 6400 km. Any object (or 
a person) is performing circular motion around the axis of the earth 
due to the earth rotation (period 1 day). What is acceleration of 
object on the surface of the earth (at equator) towards its centre? 
What is it at latitude 6? How does these accelerations compare with 
g =9.8m/s*? 

(b) Earth also moves in circular orbit around the sun once every year with 
an orbital radius of 1.5x 10°" m. What is the acceleration of the earth 
(or any object on the surface of the earth) towards the centre of the 
sun? How does this acceleration compare with g = 9.8 m/s‘? 


Ans. (a) Radius of the earth (R) = 6400 km = 6.4 x 10° m 
Time period (T) = 1day = 24 x 60 x 60 s = 86400 s 
2 2n\? An? R 
Centripetal acceleration (a) = œf R = R (2z) =F 
Ax (22/7)° x 64 x 10° 
(24 x 60 x 60)? 
_ 4x 484 x 64 x 10° 


49 x (24 x 3600)? 








= 0.034 m/s* 
At equator, latitude 6 = 0° 
a, 0.034 1 
g 98 288 


(b) Orbital radius of the earth around the sun (R) = 1.5 x 10''m 

Time period = 1 yr = 365 day 

= 365 x 24 x 60 x 60 s = 315 x 10° s 
2 

Centripetal acceleration (a, ) = Ro? = = fi 

— 4x (22/7)? x15 x10" 

(315 x 10’) 

= 597 x 10° m/s? 

as 597x10° 1 





g 98 1642 
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Q. 26 Given below in Column I are the relations between vectors a, b and c and 


in Column II are the orientations of a, b and c in the XY- plane. Match 
the relation in Column I to correct orientations in Column II. 


Column | Column I 
(a) at+b=c (i) 

















(b) a-c=b (ii) 
(Cc) b-a=c (iii) 
(dìd at+b+c=0 (iv) 





@ Thinking Process 


In this problem, triangular law of vector addition will be applied. 


Ans. Consider the adjacent diagram in which vectors A and B are 


corrected by head and tail. 
Resultant vector C= A+ B 


a) from (iv) it is clear thatc =a + b 
D) from (iil) c+b=a>a—-—c=b 


( 
( ( 
(c) from (i) b=a+ec>b-a=c A 
(d) from (i) -c =a +b>a+b+c =0 
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Q. 27 If|A| =2 and|B| = 4, then match the relation in Column I with the angle 
© between A and B in Column II. 








Column | Column Il 
(a) AB=0 (i) 0=0 
(b) AB=+8 (ii) @=90° 
(c) AB=4 (iii) O=180° 
(qd) AB=-8 (iv) @=60° 
Ans. Given |A| = 2 and |B| = 4 
(a) AB = ABcos@ = 0 = 2 x4cos0=0 
=> cosd=—0=Ccosg > 0 = 90° 
<. Option (a) matches with option (ii). 
(bo) AB = ABcos8 = 8 = 2x4cos0=8 
= cos 0 =1=Ccos0> => l= 
“. Option (b) matches with option (i). 
(c) AB = ABcos0=4 = 2x4cose=4 
=> 0050 = = = cos 60° => 0 = 60° 


“. Option (c) matches with option (iv). 

(d) AB = ABcos0=- 8 => 2xA4cosd=- 8 
=> cos@=-—1=cos180° => 0 = 180° 
“. Option (d) matches with option (iii). 


Q. 28 If |A| =2and|B|=4, then match the relations in Column I with the 
angle O between A and B in Column II 








Column I Column Il 
(a) |A xB]=0 (i) @=30° 
(o) |A xB|=8 (ii) @=45° 
(c) |A xB|=4 (iii) @=90° 
(d) |A xB|=4/2 | (iv) @=0° 


Ans. Given|A| =2 and|B| = 4 


(a) |A x B| = ABsind = 0 => 2x4xsind=0 


=. sind=O0=—sin0’ = 0 = 0° 
“. Option (a) matches with option (iv). 

(b) |A x B| = ABsind = 8 = 2x4sin0d=8 
=> sinO=1=sin 90° => 0 = 90° 
“. Option (b) matches with option (ili). 

(c)|A x B| = ABsiné = 4 = 2 x 4sinð = 4 
= E E 30? = 0 = 30° 


“. Option (c) matches with option (i). 
(d) |A x B| = ABsin0 =4/2 > 2x 4sin@=4/2 


—— g=45° 
y2 
“. Option (d) matches with option (ii). 


= sinĝð= = sin 45° => 
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Long Answer Type Questions 


Q. 29 A hill is 500 m high. Supplies are to be sent across the hill using a canon 


that can hurl packets at a speed of 125 m/s over the hill. The canon is 
located at a distance of 800 m from the foot of hill and can be moved on 
the ground at a speed of 2 m/s; so that its distance from the hill can be 
adjusted. What is the shortest time in which a packet can reach on the 
ground across the hill? Take, g =10 m / sê. 


Ans. Given, speed of packets = 125 m/s 


Q. 30 A gun can fire shells with maximum speed v, 


Height of the hill = 500 m. 


To cross the hill, the vertical component of the velocity should be sufficient to cross such 
height. 


u, 2 42gh 
24A x10500 
>100m/s 
But u* =us +UY 


z. Horizontal component of initial velocity, 
U, = Ju? -u? = (125) - (100° = 75 m/s 


Time taken to reach the top of the hill, 


r- 2h _ 2 x 800 aos 
g 10 


Time taken to reach the ground from the top of the hill t =t =10s. Horizontal distance 
travelled in 10 s 











x =U, xt=75x10=750m 
z. Distance through which canon has to be moved = 800 — 750= 50m 
speed with which canon can move = 2 m/s 


Time taken by canon = = => =206 


.. Total time taken by a packet to reach on the ground =t" +t + t'=25+ 10+ 10= 45s 


and the maximum horizontal range that can be 
2 


achieved is R = 2. If a target farther away by 





g 
distance Ax (beyond R) has to be hit with the - — 
same gun, show that it could be achieved by AX 


raising the gun to a height at least 
h= arfa 
R 


@ Thinking Process 
Horizontal range of a projectile is maximum when it is thrown at an angle 45° from 
2 


u 
the horizontal and R wax = —, where u is speed of projection of the projectile. 
g 
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Ans. This problem can be approached in two different ways 


(i) Refer to the diagram, target T is at horizontal distance x = R + Ax and between point of 
projection y = — A. 

(ii) From point P in the diagram projection at speed Vv, at an angle © below horizontal with 
height h and horizontal range AxA) 

Applying method (i) 


Maximum horizontal range 
2 


R=~© for 0 = 45° (i 
g 


Let the gun be raised through a height h from the ground so 
that it can hit the target. Let vertically downward direction is 
taken as positive 

Horizontal component of initial velocity = v} cos 8 

Vertical component of initial velocity = — Vg sin® 





Taking motion in vertical direction, h = (— Vg sin®)t + ; g (ii) 


Taking motion in horizontal direction 
(R + Ax) = Vo cos® xt 
= , — (R + Ax) (iii) 
Vo COSO 


Substituting value oft in Eq. (ii), we get 
2 
h= vasna 2+ aedo E a 











Vo cosð j} 2° |V cos® 
1_ (R+ Ax? 
h=-(R+ Ax)tand+ +g At Oe 
2° v5 cos® 0 
As angle of projection is 0 = 45°, therefore 
2 
h =- (R + Ax) + tan 45° + iS ieee! 
2° Vo cos* 45° 
2 
Pai 
2 Mei 2) 


1 
"tan 45° = 1and cos 45° = — 
z) 


(R + Ax) 


h=- (R + Ax)+ [Using Eq. (i), R = vő /g] 


=- (R+ Ax) + 2 (R? + Ax? + 2RAx) 
2 
--R-as+ [A+ = + 260 


Agee 
SAG = 
R 


h= Ax% (1+ =| Hence proved. 
Note We should not confuse with the positive direction of motion. May be 


vertically upward direction or vertically downward direction is taken as 
positive according to convenience. 
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Q. 31 A particle is projected in air at an angle B to a surface which itself is 
inclined at an angle a to the horizontal (figure). 





(a) Find an expression of range on the plane surface (distance on the plane 
from the point of projection at which particle will hit the surface). 


(b) Time of flight. 
(c) Bat which range will be maximum. 


@ Thinking Process 


To solve problems involving projectile motion on an inclined plane, we have to 
choose two mutually perpendicular axes, one along inclined plane and other 
perpendicular to the inclined plane. 
Ans. Consider the adjacent diagram. 
Mutually perpendicular x and y-axes are shown in the 
diagram. 
Particle is projected from the point O. 
Let time taken in reaching from point O to point P is T. 
(b) Considering motion along vertical upward direction 
perpendicular to OX. 
For the journey O to P. 
y=0,u, =v, Sin p, a, =- g cos a,t =T 





Applying equation, 
y=u,t + ; at? 


=> O=Vo sin BT + > (= gcosa) T? 


=> T [vo sing - 25°82 7) = 0 


m reor oe 
g cosa 
As T = 0, corresponding to point O 
Hence, Pomorie 
g cosa 


(a) Considering motion along OX. 
x=LU, = Vo COS B, a, = — g sina 
r-T- 2 Vo SINB 
g cosa 


1 
x=u,Żİ + zad 
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= L =v, cosBT + > (= g sina) T? 
> L = vo cos BT = = g sina T° 


=T [va cosß — 5 g sina T] 


1 , 2V, Sin 
=T [vac0sp ——~gsina „ra se| 
2 g còs a 
2 Vo sin Vo sina sin 
= 2 Vo SINB vo cosp — aawa 
g cosa COS a 
2 v2 sin 7 , 
= oo [cos B. cosa — sin a. sinB] 
gcosa 
2yo si 
= L = Ero SP cog (a + B) 
geo a 


(c) For range (L) to be maximum, 
sin B . cos (a + B) should be maximum. 
Let, Z =sinB .cos (a + B) 
= sin B [cos a.cosB —sina.sinB) 


[cos a.sin2 B —2sina.sin*B] 


[sin2 B . cos a —sina (1 -— cos 2 B)] 


> z=—[sin2B.cosa—sina+sina.cos2 B] 


[sin2 B .cos a + cos 2 B.sina - sina] 


Ml= NI= NI= N|= N|= 


= — [sin 2 $ + a)-sina] 


For z to be maximum, 
sin (2 = B + a) = maximum = 1 
TU Ol 


T 
= 2p+a=—or,p=——-— 
P 2 P 4 2 


Q. 32 A particle falling vertically from a height hits a plane surface inclined to 
horizontal at an angle O with speed v and rebounds elastically. Find the 
distance along the plane where it will hit second time. 





@ Thinking Process 
When particle rebounded elastically speed will remain same. 
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Ans. Considering x and y-axes as shown in the diagram. Y 
For the motion of the projectile from O to A. / 
y=0,u, = Vg COSO 
ay =-—gcos0,t=T 
Applying equation of kinematics, 


y=u,t + 5 at” 








1 
=> O=Vv, cos OT + 5C 9 cos0) 7” 
T 
= Í; vo coso- SR OT) o 
-2 Vo COS 0 
g cos 8 
As T = 0, corresponds to point O 
2Vo 


Hence, T = — 


Now considering motion along OX. 


2 
x = L, U; = Vo SİNO , a, = g sin9,t Te 
Applying equation of kinematics, 
x =u,t + l ar 
2 
> Lean gcinee + 59 sinet? = (vo sin®) (T) + 59 sind T° 
2 
2 2 
= (Vy sin) (=) + I g sin Ox (2s 
g 2 g 
_2 vé Ave 2v6 


= — sin + 1 g sino x “0 = [sin® + sin®] 
g 2 g 


Aye 
=> L= Mt ging 
g 


Q. 33 A girl riding a bicycle with a speed of 5 m/s towards north direction, 
observes rain falling vertically down. If she increases her speed to 
10 m/s, rain appears to meet her at 45° to the vertical. What is the 
speed of the rain? In what direction does rain fall as observed by a 
ground based observer? 


@ Thinking Process 


Draw the vector diagram is for the information given and finda and b. We may draw 
all vectors in the reference frame of ground based observer. 
Ans. Assume north to be i direction and vertically downward to be 2j NA 
Let the rain velocity v, beai + b j. 
v, =a Í +b j 
Case | Given velocity of girl = Vg = (5m/ 8) i 
Let Vg = Velocity of rain w.r.t girl i N i 
=V, — Vg = (ai + bj)- 5i (-j) 
=(a—5)i+ bj 


56 NCERT Exemplar (Class XI) Solutions 


According to question rain, appears to fall vertically downward. 
Hence, a-9=0>4=0 
Case Il Given velocity of the girl, vy =(10m/s) i 


Viq=Vr —V 


g, A Pp 
= (ai + bj)-10i = (a-—10)i + bj 


rg 


According to question rain appears to fall at 45° to the vertical hence tan45° = — = 
a = 


=> i `~ b=a-10=5-10=-5 
Hence, velocity of rain = ai + bj 
V, = 5i -5j 


Speed of rain =|v,| = = /50 = 5/2m/s 
r 


Q. 34 A river is flowing due east with a speed 3 m/s. N 
A swimmer can swim in still water at a speed of E 
4 m/s (figure). 
(a) If swimmer starts swimming due north, = 
what will be his resultant velocity —+ 3m/s 
(magnitude and direction)? 


(b) If he wants to start from point A on south A 
bank and reach opposite point B on north 
bank, 


(1) which direction should he swim? 
(i1) what will be his resultant speed? 


(c) From two different cases as mentioned in (a) and (b) above, in which 
case will he reach opposite bank in shorter time? 


Ans. Given, Speed of the river (v,) = 3m/s (east) 
Speed of swimmer (v ,) = 4m/s (east) 


(a) When swimmer starts swimming due north then his resultant velocity 


va v2 + v2 =,/(3) + (4) ce 
= /9+ 16 =V25=5m/s 


tan0 =“ = : Vs V 
5 4 
= 075 = tan36°54 P 
Hence, 0 = 36°54 N A 
(b) To reach opposite points B, the swimmer should swim at an angle 8 of north. 
Resultant speed of the swimmer Vr 
=v. — ve = ,|(4)* — (3)* 
= 16 - 9 = 47 m/s , 
i te Vs 
V F 
3 
= 0 = tan [= Jo north \ 
V7 A 
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(c) In case (a), 


, , d d 
Time taken by the swimmer to cross the river, t, = — = 3 
Vs 
In case (b), 
Time taken by the swimmer to cross the river 
nd 
'“v v7 


d < L therefore t, <t, 


AS 
4 7 


Hence, the swimmer will cross the river in shorter time in case (a). 


Q. 35 A cricket fielder can throw the cricket ball with a speed v, . If he throws 
the ball while running with speed u at an angle O to the horizontal, find 

(a) the effective angle to the horizontal at which the ball is projected in 
air as seen by a spectator. 

(b) what will be time of flight? 

(c) what is the distance (horizontal range) from the point of projection at 
which the ball will land? 

(d) find O at which he should throw the ball that would maximise the 
horizontal range as found in (iii). 

(e) how does O for maximum range change ifu >ug, U =Ug, U< Vo? 

(f) how does 8 in (v) compare with that for u = 0 (7.e., 45°)? 


Ans. Consider the adjacent diagram. 
Y 





(a) Initial velocity in 
x-direction, U „ =U + Vg Cosd 
u, =Initial velocity in y-direction 
where angle of projection is 9. 
Now, we can write 
u U,sind 
tan =— =—__2 
Uy Ut+U,cCOsO 


x 


> 0 = tan`! Vosinð 
U + Vo COSO 
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(b) Let 7 be the time of flight. 
As net displacement is zero over time period 7. 
y=0,u, =vysin8, a, =-g9g,t=T 














We know that y=uyt + 5 at” 
1 
=k O=vosindT + 5 (-g)T° 
2V,sin0 
> T|vosino-~27|=0 > T=0 508 
2 g 
T = 0, corresponds to point O. 
Hence, E 
g 
| 2V, sino 
(c) Horizontal range, R = (U + v)cos®@) 7 = (u + V, cos 8) —-—— 
g 
Vo | | 
= — [2usin® + va sin290] 
g 
l dR 
(d) For horizontal range to be maximum, ae 0 
=> “0 Pucosé + V)COS280 x2]=0 
g 
=> 2ucos@ + 2v, [2cos* 6 — 1]= 0 
> 4v,cos* 0+ 2ucos® —2v, =0 
=> 2v,cos* @ + UCOSA— Vv, = 0 
—u + Ju? + 8v}? 
=> cos 0 = 2 
4Vo 
|= Eai + Se 
=> c= COS | 
AV 
2 2 
—U + 4Uf + 8v 
=cos | i ° 
AVo 
(e) Ifu = vo, 
a ee a a 
AV 4 2 
=> 0 = 60° 


If << vo, then 8v? +u? = BV" 


Oma =COS | TU # 2V2Vy Seng oe 
a Avo V2 Avo 








If U<<Vo, then C= cos (5) a 





aay -4 
If U >Ug and U>>Vo 
-i =u T 
O max = COS iy Jeo = Ua 5 





a|- 
No č / 
II 
a 
On 
O 


048v? 
(f) fu = 0, Omax= sos | g e [cos 
AVo 
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Q. 36 Motion in two dimensions, in a plane can be 


Ans. (a) 


studied by expressing position, velocity and 
acceleration as vectors in cartesian coordinates 
A=A,i1+A,j, where i and j are unit vector 


along x and y-directions, respectively and A, and 
A, are corresponding components of A. Motion 
can also be studied by expressing vectors in 





: : Š A a Tr A TN 
circular polar coordinates as A = A,f + A,0, where f =— =cosO1 +sinOj 
r 


and Ô =- sin0 î +cos0j are unit vectors along direction in which r and 
O are increasing. 
(a) Express i and j in terms of r and 0. 


(b) Show that both rand Ô are unit vectors and are perpendicular to each 
other. 


ic) Show that) = uo, whee on and sor Or 
dt dt dt 


(d) For a particle moving along a spiral given by r =a0f, where a=1 
(unit), find dimensions of a. 


(e) Find velocity and acceleration in polar vector representation for 
particle moving along spiral described in (d) above. 


Given, unit vector f =cosi + sindj Ò 
ð =—sin@i + cos6j (ii) 
Multiplying Eq. (i) by sin@ and Eq. (ii) with cos 0 and adding i 
rsin@ + Ocos6 = sin8.cos6i + sin? 0j + cos? 0j — sin®.cos@i 





= j (cos? 0 + sin? 6) = j 
0=j 





=> rsin@ + @cos 
By Eq. (i) xcos @ — Eq. (ii) xsin®@ 
n (rcos@ — @sin@) = i 


(b) r= (cos 0i + sinj) (- sin@i + cos 6j)= —cos@.sin8+ sin8.cos@= 0 


=> § = 90° Angle between f and 8. 


(c)Given, f =cos0i + sinOj 


i = 2 (cos0i + sin0j) = —sing. - + COSO. 2 
dt at dt dt 
= œ |- sin@i + cos @j] E v= =| 
dt 


(d) Given, r = aðr, here, writing dimensions fr] = [a] [6] [r] 


axe L=[a]%1 => [aJ=L=[MUT) 
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(e) Given, a = 1unit r = OF = O[cosdi + sindj] 
Velocity, enc chee ee ce E D ia 0 [(cos oi + sin0j)] 
at at at at 
i r+0 (- sin®i + cos6j) a 
at at 
re e of + 00 
A 
Acceleration, a = O ior + œ00]= 2 T2 r+ a (09) 
dt dt | at at 
2 25. F 
eee a 2 
at? dt at qt at at 
2 2 
aca + œ [- sini + sin0j] + ae 06 + — se (00) 
dt? di” at 
d*0 . 


on dO A, 2A, an, 3 
a OS gO 


2 
ae r+ 20? +72 ¢ 0 
atv at 


Q. 37 A man wants to reach from A to the opposite corner of the square C. The 
sides of the square are 100 m. A central square of 50m x 50m is filled 
with sand. Outside this square, he can walk at a speed 1 m/s. In the 
central square, he can walk only at a speed of v m/s (v < 1). What is 
smallest value of v for which he can reach faster via a straight path 
through the sand than any path in the square outside the sand? 


D 





Ans. Consider adjacent diagram. 
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Time taken to go from A to C via straight line path APQC through the S and 
AP+QC PQ 25/2+25/2 50V2 
fond a a a 
1 V 1 V 
= 50/2 + 5042 _ S08 (Z i 
V V 


Clearly from figure the shortest path outside the sand will be ARC. 
Time taken to go from A to C wa this path 








AR + RC 
outside = la S 
Clearly, AR = J75? + 25° = J75 x75 + 25 x25 


=5x5/9+1=25/10m 


RC = AR =.,/75* + 25? =25/10m 





= Toutside =2AR =2 x 25V10 s = 50/10 5 
For lana < oeii 
5 50/2 (Z 1)<2 x 254/10 
V 
, 20 (14 1}<vi0 
2 V 
1 SHO 5 
= — + 1< = LSND 
22 2” v5 
=> oe = Deas 
v2 V 
1 
= Vv >——— = 0.81m/s 
Jol 


=> v >0.81m/s 
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Multiple Choice Questions (MCQS) 


QO. 1 A ball is travelling with uniform translatory motion. This means that 


(a) it is at rest 

(b) the path can be a straight line or circular and the ball travels with uniform speed 

(c) all parts of the ball have the same velocity (magnitude and direction) and the 
velocity is constant 

(d) the centre of the ball moves with constant velocity and the ball spins about its 
centre uniformly 


Ans. (c) In a uniform translatory motion, all parts of the ball have the same velocity in 


magnitude and direction and this velocity is constant. 7 
The situation is shown in adjacent diagram where a body V 
A is in uniform translatory motion. y 


Q. 2 A metre scale is moving with uniform velocity. This implies 


Ans. (b) 


(a) the force acting on the scale is zero, but a torque about the centre of mass can 
act on the scale 


(b) the force acting on the scale is zero and the torque acting about centre of mass 
of the scale is also zero 


(c) the total force acting on it need not be zero but the torque on it is zero 
(d) neither the force nor the torque need to be zero 


To solve this question we have to apply Newton’s second law of motion, in terms of 
force and change in momentum. 
We known that P= ae 
at 
given that meter scale is moving with uniform velocity, hence, do = O 
Force =F =0 


As all part of the scale is moving with uniform velocity and total force is Zero, hence, 
torque will also be zero. 
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Q. 3 A cricket ball of mass 150 g has an initial velocity u = (3i +4j)ms~? and a 
final velocity v =- (3i +4}j) ms, after being hit. The change in 
momentum (final momentum-initial momentum) is (in kgms~*) 


(a) zero (b) — (0.451 + 0.6)) 

(c) — (0.9j + 1.27) (d) — 5(i + j)i 
Ans. (c) Given, u = (3i + 4j)m/s 

and V=- (3i + 4j)m/s 


Mass of the ball = 150 g = 0.15 kg 

Ap = Change in momentum 
=Final momentum — Initial momentum 
=mv — mu 
= m(v —u) = (015) [-(3î + 4j) - (3i + 4j) 
= (015) [-6i — 8j] 
= — [015 x 6i + 015x8j] 
>= [09i + 1.20)] 

Hence, Ap =- [0.9% + 1.2;j] 


Q. 4 In the previous problem (3), the magnitude of the momentum transferred 
during the hit is 


(a) zero (b) 0.75 kg-ms™! (c) 1.5 kg-m s~’ (d) 14 kg-m s~! 


Ans. (c) By previous solution Ap = — (0.9i + 1.2j) 


Magnitude =| Ap| = ./(0.9)* + (1.2)* 
= [0.81 + 1.44 = 1.5kg-m s”. 


Q. 5 Conservation of momentum in a collision between particles can be 
understood from 
(a) conservation of energy (b) Newton’s first law only 
(c) Newton’s second law only (d) both Newton’s second and third law 
@ Thinking Process 


For conservation of momentum we have to see whether net external force is acting 
on a system or not. 


Ans. (d) We know that for asystem FaF £ (from Newton’s second law) 


lf Fag = 0d = 0S p=constant 


Hence, momentum of a system will remain conserve if external force on the system is 
Zero. 


In case of collision’ between particles equal and opposite forces will act on individuel 
particles by Newtons third law, 


Hence total force on the system will be zero. 


Note We should not confuse with system and individual particles. As total force on 
the system of both particles is zero but force acts on individual particles. 
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Q. 6 A hockey player is moving northward and suddenly turns westward with 
the same speed to avoid an opponent. The force that acts on the player is 

(a) frictional force along westward 

(b) muscle force along southward 

(c) frictional force along south-West 

(d) muscle force along south-West 


Ans. (c) Consider the adjacent diagram 


Let OA = p, B 
= Initial momentum of player northward 
AB=p, = Final momentum of player towards west. 
Clearly OB = OA+ AB 


Change in momentum = p, — p, a 





= AB - OA = AB + (-OA) 
= Clearly resultant AR will be along south-west. 


Q. 7 A body of mass 2kg travels according to the law x (t) = pt + qt* +rt? 
where, q = 4ms *, p =3ms™* and r = 5ms™°. The force acting on the body 


att = 2s is 
(a) 136 N (b) 134 N 
(c) 158 N (d) 68 N 


@ Thinking Process 


We have to apply differentiations to calculate acceleration and then Newton's 
second law will be applied. 


Ans. (a) Given, mass = 2 kg 
x(t)= pt +gt? + rt’ 
dy 


2 
Vt em PETN 
a= = 0429 + Git 

at 

att =2s;a=2q +6x2xr 

=2q + 12r 
=2x4+12x5 
= 8 + 60 = 68 m/s 


Force = F = ma 
= 2 x 68 = 136 N 
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Q. 8 A body with mass 5 kg is acted upon by a force F = (—3i + 4j) N. If its 
initial velocity att =0 is v = (6î — 12ĵ)ms™}, the time at which it will just 
have a velocity along the Y-axis is 

(a) never (b) 10s (c) 2s (d) 15 s 


Ans. (b) Given, mass = m = 5kg 
Acting force = F = (-3i + 4j) N 
Initial velocity att = 0, u = (6î - 12ĵ)m / s 


o a F i 
Retardation, a = — = -4 + a mis 
m 
As final velocity is along Y-axis only, its x-component must be zero. 


From v =u + at, for X-component only, 0 = 6i — = 


5x6 
3 





t = 10s 


Q. 9 A car of mass m starts from rest and acquires a velocity along east, 
v =vi(v>0) in two seconds. Assuming the car moves with uniform 


acceleration, the force exerted on the car is 


(a) oa eastward and is exerted by the car engine 
(b) = eastward and is due to the friction on the tyres exerted by the road 


mv ca 
(c) more than a eastward exerted due to the engine and overcomes the friction of 


the road 
(d) > exerted by the engine 


Ans. (b) Given, mass of the car = m 
As car starts from rest, u = 0 
Velocity acquired along east = vi 
Duration =t = 2s. 


We know that v=U+at 
= vi=o+ax2 
V^ 
5 asi 
2 
mv + 
Force, F=ma a. 


, _ mv 
Hence, force acting on the car is = towards east. As external force on the system is 


T Mv . _ Soa 
only friction hence, the force is by friction. Hence, force by engine is internal force. 
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Multiple Choice Questions (More Than One Options) 


Q. 10 The motion of a particle of mass m is given by x=0 for t< Os, 

x(t) =A sin 4nt for 0<t<(1/4)s (A>0), and x=0 for t>(1/4)s. 
Which of the following statements is true? 

(a) The force att = (1/8)s on the particle is —162*A-m 

(b) The particle is acted upon by on impulse of magnitude 47?A-m att =0 s and 

t =(1/4)s 

(c) The particle is not acted upon by any force 

(d) The particle is not acted upon by a constant force 

(e) There is no impulse acting on the particle 

@ Thinking Process 


Here, position of the particle is given for different time intervals. Hence, we have to 
find velocity and acceleration corresponding to the intervals. 


Ans. (a, b, d) 


Given, x = 0fort < 0s. 


x(t)= Asin 4nt; for 0<t <s 


T L 
4 


A E ERT ao- an Acos 4nt 
4 at 


a(t) =acceleration 
_ avit) 

at 
At t -Zs a(t) =- 16r? Asin 4r = = — 167° A 


= — 16 n? A sin 4nt 


F =ma(t)=-16n* A xm =- 16r? mA 
Impulse = Change in linear momentum 
=F xt = (- 16r? Am) x= 
= — 4r? Am 
The impulse (Change in linear momentum) 
att = 0 is same as, t -1s 


Clearly, force depends upon A which is not constant. Hence, force is also not constant. 


Note We have to keep in mind that the force is varying for different time intervals. 
Hence, we should apply differential formulae for each interval separately. 
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Q. 11 In figure the coefficient of friction between the floor and the body B is 
0.1. The coefficient of friction between the bodies B and A is 0.2. A force 
F is applied as shown on B. The mass of A is m/2 and of B is m. Which of 
the following statements are true? 





(a) The bodies will move together ifF =O .25 mg 

(b) The body A will slip with respect to B ifF =0.5 mg 

(c) The bodies will move together if F=0.5 mg 

(d) The bodies will be at rest if F =01mg 

(e) The maximum value of F for which the two bodies will move together is 
0.45 mg 

@ Thinking Process 


In this problem we have to find frictional forces on each surface and accordingly we 
will decide maximum force. 


Ans. (a, b, d, e) 


Consider the adjacent diagram. Frictional force on B(f,) and frictional force on A (f,) will be 
as shown. 


n oh 2 Sh) 
Mmi +m (m/2)+m 3m 
Pseudo force on A= (M,) x Agommon 


oUF =f) om 2(F- 4) _(F-§) 
A 3m 2 3m 3 


Let A and B are moving together a 





common — 





The force (F) will be maximum when 
Pseudo force on A = Frictional force on A 


ax 1a p Mag 


2 «5 xg = 01mg 
= Fax = 0.3Mg + f 
= 0.3mg + (0.1) - mg = 0.45 mg 


= Hence, maximum force upto which bodies will move together is Fnaxy = 0.45 mg 
(a) Hence, for F = 0.25 mg < Fnax bodies will move together. 

(b) For F = 0.5 mg >F,,,,, body A will slip with respect to B. 

(c) ForF = 05mg >F,,,, bodies slip. 


3 
(f)max =H Msg = (0.1) ae 015mg 


(f) mex = H Mg = (0.2) (5) (g) = 01mg 
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Hence, minimum force required for movement of the system (A + B) 
Fin = (A )max + (lo) max 
= 015mg + 01mg= 025 mg 
(d) Given, force F = 01mg < Far 
Hence, the bodies will be at rest. 
(e) Maximum force for combined movement Fnax = 0.45 mg. 


Q. 12 Mass m,moves on a slope making an angle 0 with the horizontal and is 
attached to mass m, by a string passing over a frictionless pulley as 
shown in figure. The coefficient of friction between m, and the sloping 
surface is u. Which of the following statements are true? 





(a) If m, >m; sin 8 ,the body will move up the plane 

(b) Ifm, >m (sin 8+ u cos 8), the body will move up the plane 
(c) If m, <m (sin © + u cos 0), the body will move up the plane 
(d) 

@ Thinking Process 


The friction force always have tendency to oppose the motion. Consider the 
adjacent diagram. 


Ans. (b, d) 
Let m, moves up the plane. Different forces 
involved are shown in the diagram. 


lfm, < m (sin 0 — u cos 8), the body will move down the plane 


N = Normal reaction 

f = Frictional force 

T = Tension in the string 
f=uN=unmg cos 0 





For the system (m, + m,) to move up 
MQ — (mg sin@+ f)>0 
= mg — (mg sin 0 + u mg cos 8 )>0 
=> mM, >m, (sin O + u cos 8) 
Hence, option (b) is correct. 
Let the body moves down the plane, in this case f acts up the plane. 


Hence, m g sin- f>m, g 

> mgsin8-—pwmgcos8>m,g 
=> m, (sin © — u cos 8) >m, 

=> mM, < m(sin 8 — u cos 8) 


Hence, option (d) is correct. 
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Q. 13 In figure a body A of mass m slides on plane inclined at angle 8, to the 


horizontal and u is the coefficent of friction between A and the plane. A 
is connected by a light string passing over a frictionless pulley to 
another body B, also of mass m, sliding on a frictionless plane inclined 
at an angle O, to the horizontal. Which of the following statements are 
true? 





(a) A will never move up the plane 


(b) A will just start moving up the plane when u = ere 
cos 0, 


(c) For A to move up the plane, 8, must always be greater than 0, 
(d) B will always slide down with constant speed 


Ans. (b, c) 


Let A moves up the plane frictional force on A will be downward as shown. 





When A just starts moving up 
mg sin 0 + f = mg sin 9, 


= mg sin 8, + u mg cos 0, = mg sin 9, 
sin 8, — sin 9, 
= a — 
cos 0, 


When A moves upwards 
f = mg sin 0, — mg sin 0, >0 
=> sin @, >sin 8, => 0, >8, 


Q. 14 Two billiard balls A and B, each of mass 50g and moving in opposite 
directions with speed of 5m s™% each, collide and rebound with the 
same speed. If the collision lasts for 10° s, which of the following 
statements are true? 

(a) The impulse imparted to each ball is 0.25 kg-ms_' and the force on each ball is 
250 N 

(b) The impulse imparted to each ball is 0.25 kg-m s` 
each ball is25 x10 N 


(c) The impulse imparted to each ball is 0.5 N-s 


(d) The impulse and the force on each ball are equal in magnitude and opposite in 
directions 


' and the force exerted on 
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Ans. (c, d) 
50 1 


Given, M= Ms = 500) =: kd = — K 
IV i 2 (9) 4000 g 30 g 


Initial velocity (u) =u, =U, =5m/s 
Final velocity (v) = v4 = v, =-5m/s 
Time duration of collision = 1073s . 
Change in linear momentum = m(v — u) 
1 
= — |-5 - 5] = - 0.5 N-s. 
20 


Impulse Change in momentum 


role = 
Time 10° ~s 





Impulse and force are opposite in directions. 


Q. 15 A body of mass 10 kg is acted upon by two perpendicular forces, 6N and 
8N. The resultant acceleration of the body is 


(a) 1 ms at an angle of tan`! í ) w.r.t. 6N force 


2 
3 
(b) 0.2 ms? at an angle of tan’! í 


w | p 


| w.r.t. 6N force 
(c) 1m s™? at an angle of tan’! = w.r.t. 8N force 


(d) 0.2 ms“ at an angle of tan | = w.r.t. 8N force 


@ Thinking Process 
In this problem, we have to use the concept of resultant of two vectors, when they 


are perpendicular. 
Ans. (a, c) 
Consider the adjacent diagram 
Given, mass = m= 10 kg: 
F, = 6N, F, = 8N 
Resultant force = F = 4 Ff + Fé = [36 + 64 Fo 
= 10N 
S a te alone R. PN 
m 10 


Let @, be angle between R and F, 





tan 6, = == 


ols 


0, = tan”! (4/3) w.r.t. F, = 6N 
Let 8, be angle between F and F, 


tan 0, = 


Co | 
| Go 


0, = tan! [S Jur F, =8N 
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Very Short Answer Type Questions 


Q. 16 A girl riding a bicycle along a straight road with a speed of 5 ms— 


throws a stone of mass 0.5 kg which has a speed of 15 ms™ with respect 
to the ground along her direction of motion. The mass of the girl and 
bicycle is 50 kg. Does the speed of the bicycle change after the stone is 
thrown? What is the change in speed, if so? 


@ Thinking Process 
In this problem, we have to apply conservation of linear momentum. 
Ans. Given, total mass of girl, bicycle and stone = m = (50 + 0.5) kg = 50.5kg. 
Velocity of bicycle u, = 5m/s, Mass of stone m, = 0.5kg 
Velocity of stoneu, = 15 m/s, Mass of girl and bicycle m = 50 kg 
Yes, the speed of the bicycle changes after the stone is thrown. 
Let after throwing the stone the speed of bicycle be v m/s. 
According to law of conservation of linear momentum, 
M,U, = MU, + MV 
50.5x5=05x15+4+ 50xv 
252.5 -7.5 = 50v 


245.0 
or y = 
50 
v=49m/s 


Change in speed = 5 — 4.9 = 0.1 m/s. 


Q. 17 A person of mass 50 kg stands on a weighing scale on a lift. If the lift is 
descending with a downward acceleration of 9 ms“, what would be the 
reading of the weighing scale? (g = 10 ms “) 

Ans. When a lift descends with a downward acceleration a the apparent weight of a body of 

mass mis given by 

w'=R=m(q - a) 
Mass of the person m = 50 kg 
Descending acceleration a = 9 m/s” 


Acceleration due to gravity g = 10 m/s? 
Apparent weight of the person, 


R=m(g -a) 
= 50 (10 — 9) 
= 50N 


Reading of the weighing scale = a E 5k 
g 
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Q. 18 The position-time graph of a body of mass 2 kg is as given in figure. 
What is the impulse on the body att =0 s and t =4s. 





l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
4 


t(s) 

Ans. Given, mass of the body (m) = 2 kg 
From the position-time graph, the body is at x = Owhen t =0, /.e., body is at rest. 
.. Impulse att = 0, s = O, is Zero 


From t = Os tot = 4s, the position-time graph is a straight line, which shows that body 
moves with uniform velocity. 


Beyondt = 4s, the graph is a straight line parallel to time axis, i.e., body is at rest (v = 0). 
Velocity of the body = slope of position-time graph 
3 
= tan 0 = ~ m/s 
4 


Impulse (att = 4 s) = change in momentum 
= mv — mu 
=m(v —u) 


30-3 


= — Š kgms = —1.5 kg-m/s 


Q. 19 A person driving a car suddenly applies the brakes on seeing a child on 
the road ahead. If he is not wearing seat belt, he falls forward and hits 
his head against the steering wheel. Why? 

Ans. When a person driving a car suddenly applies the brakes, the lower part of the body slower 


down with the car while upper part of the body continues to move forward due to inertia of 
motion. 


If driver is not wearing seat belt, then he falls forward and his head hit against the steering 
wheel. 


Q. 20 The velocity of a body of mass 2 kg as a function of t is given by 
v (t)=2ti E j. Find the momentum and the force acting on it, at 
time t = 25. 
Ans. Given, mass of the body m = 2 kg. 3 
Velocity of the body v(t)=2t i +t? j 
z. Velocity of the body att = 2s ; i j j 
v=2x2i + (2)* j =(4i + 4j) 
Momentum of the body (p) = mv N i N i 
=2 (4i + 4j)=(8i + 8j)kg-m/s 
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. dv 
Acceleration of the body (a) = a 
= £ Giir j) 
= (2 + 2t j) 
Att =2s ; 
a=(2i + 2 x2j) 
= (2i + 4j) 
Force acting on the body (F)= ma oo 
=2 (2i + 4j) 
=(4i + 8j)N 


Q. 21 A block placed on a rough horizontal surface is pulled by a horizontal 


force F. Let f be the force applied by the rough surface on the block. 
Plot a graph of f versus F. 


Ans. The approximate graph is shown in the diagram 


Ís4, max 


B 


MEEF ee oe 





O| Static> Kinetic region ——> 
region 

The frictional force f is shown on vertical axis and the applied force F is shown on the 
horizontal axis. The portion OA of graph represents static friction which is self adjusting. In 
this portion, f = F. 
The point B corresponds to force of limiting friction which is the maximum value of static 
friction. CD ||OX represents kinetic friction, when the body actually starts moving. The force 
of kinetic friction does not increase with applied force, and is slightly less than limiting 
friction. 


Q. 22 Why are porcelain objects wrapped in paper or straw before packing for 


transportation? 


Ans. Porcelain object are wrapped in paper or straw before packing to reduce the chances of 


damage during transportation. During transportation sudden jerks or even fall takes place, 
the force takes longer time to reach the porcelain objects through paper or straw for same 
Ap 


change in momentum as F = Ni 


and therefore, a lesser force acts on object. 


Q. 23 Why does a child feel more pain when she falls down on a hard cement 
floor, than when she falls on the soft muddy ground in the garden? 


Ans. When a child falls on a cement floor, her body comes to rest instantly. But F x At = change 
in momentum = constant. As time of stopping At decreases, therefore F increases and 


hence, child feel more pain. 


When she falls on a soft muddy ground in the garden the time of stopping increases and 
hence, F decreases and she feels lesser pain. 
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Q. 24 A woman throws an object of mass 500 g with a speed of 25 ms™. 


(a) What is the impulse imparted to the object? 


(b) If the object hits a wall and rebounds with half the original speed, 
what is the change in momentum of the object? 
Ans. Mass of the object (m = 500g = 0.5kg 
Speed of the object (v) = 25 m/s 
(a) Impulse imparted to the object = change in momentum 

= mv — mu 

= Mv =u) 

= 05 (25 — 0) = 12. 5N-s 


(b) Velocity of the object after rebounding 
25 


== 5 m/s 
v'=—12.5m/s 
Change in momentum = m(v' — v) 
= 0.5 (— 12.5 — 25) = - 18.75 N-S 


Q. 25 Why are mountain roads generally made winding upwards rather than 
going straight up? 

Ans. While going up a mountain, the force of friction acting on a vehicle of mass m is 

f =u R = u mgcos9, where 8 is the angle of slope of the road with the horizontal. To avoid 


skidding force of friction (f) should be large and therefore, cos@ should be large and 
hence, 8 should be small. 


That's why mountain roads are generally made winding upwards rather than going straight 
upto avoid skidding. 


Q. 26 A mass of 2 kg is suspended with thread AB (figure). Thread CD of the 
same type is attached to the other end of 2 kg mass. Lower thread is 
pulled gradually, harder and harder in the downward direction, so as to 
apply force on AB. Which of the threads will break and why? 





Ans. The thread AB will break earlier than the thread CD. This is because force acting on thread 
CD = applied force and force acting on thread AB = (applied force + weight of 2 kg mass). 
Hence, force acting on thread AB is larger than the force acting on thread CD. 


Q. 27 In the above given problem if the lower thread is pulled with a jerk, 
what happens? 


Ans. When the lower thread CD is pulled with a jerk, the thread CD itself break. Because pull on 
thread CD is not transmitted to the thread AB instantly. 


Laws of Motion fie 


Short Answer Type Questions 


Q. 28 Two masses of 5 kg and 3 kg are suspended with help of massless 
inextensible strings as shown in figure. Calculate 7, and T, when whole 
system is going upwards with acceleration = 2m/s‘(use g= 9.8 ms~™°). 


@ Thinking Process 
As the whole system is going upward with an acceleration we have to apply 


Newton's laws. 
Ans. Given, m, = 5 kg, m, = 3 kg 
g =98m/s* anda =2 m/s? 


te fe t 
Tə 3kg 3g 


For the upper block 
I, -T, —5g =5a 


mi L-i, =5( + a) ...(i) 
For the lower block l, — 3g = 3a 

=> l, =3(9 + a) =3(98+2)=354N 

From Eq. (i) I, =1, + 5(g + a) 


= 35.4 + 5 (9.8 + 2)= 94.4N 


Q. 29 Block A of weight 100 N rests on a frictionless inclined plane of slope 
angle 30°. A flexible cord attached to A passes over a frictionless pulley 
and is connected to block B of weight w. Find the weight w for which the 


system is in equilibrium. 
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Ans. In equilibrium, the force mg sin@ acting on block A parallel to the plane should be 
balanced by the tension in the string, ie., 
mosng=T=F [l T=Fgiven] ...(i) 
and for block B, Wel =F (il) 
where, w is the weight of block B. 
From Eas. (i) and (ii), we get, 
i w = mg sin 
=100°% sii 30° (mg = 100N) 


= 100%5N = 50N 


Note While finding normal reaction in such cases, we should be careful it will be 
N = mg cos 0, where 0 is angle of inclination. 


Q. 30 A block of mass M is held against a rough vertical wall by pressing it 
with a finger. If the coefficient of friction between the block and the 
wall is u and the acceleration due to gravity is g, calculate the minimum 
force required to be applied by the finger to hold the block against the 
wall. 

Ans. Given, mass of the block = M 

Coefficient of friction between the block and the wall = u 

Let a force F be applied on the block to hold the block against the wall. The normal reaction 
of mass be N and force of friction acting upward be f. In equilibrium, vertical and horizontal 
forces should be balanced separately. 


x f= Mg ...(i) 
and FaN ...(ii) 
f 
Mg 

But force of friction (f) = uN 

=F [using Eq. (i)] ... (tii) 
From Eqs. (i) and (iil), we get uF =Mg 
Or poe 


u 


Laws of Motion Ja 


Q. Əl A 100 kg gun fires a ball of 1 kg horizontally from a cliff of height 500 m. 
It falls on the ground at a distance of 400 m from the bottom of the 
cliff. Find the recoil velocity of the gun. 


(acceleration due to gravity = 10 ms = 


Ans. Given, mass of the gun (m,) = 100 kg 


h= 500 m 


7 400 m C 


Mass of the ball (m,) = 1kg 
Height of the cliff (A) = 500 m 


Horizontal distance travelled by the ball (x) = 400 m 
1 


From h= J gi” (7 Initial velocity in downward direction is 
Zero) 
500 = | x 102 
2 
= 100 = 108 
From x =ut.u= a dm 
t 10 
If v is recoil velocity of gun, then according to principle of conservation of linear momentum, 
mv=mu 
omu 1 


—— = — x 40 = 0.4m/s 
m 100 


Q. 32 Figure shows (x, t), (y, t) diagram of a particle moving in 2-dimensions. 





1s 26 38 j 1s 25 3s 
(a) (b) 
If the particle has a mass of 500 g, find the force (direction and 
magnitude) acting on the particle. 


@ Thinking Process 


To solve this question, we have to find the relation for x and time(t), y and time (t) 
from the given diagram. 


Ans. Clearly from diagram (a), the variation can be related as 
dx 
x=t=> —=I1m/s 
at 


= (0 
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2 


From diagram (b) yal 
2 
= Y of or a, = TY =2 m/s? 
at at 
Hence, I = ma, = 900 X10" x2 = IN ( m= 5009) 
F. =ma, =0 
Hence, net force, Faak eh =F =N (along y-axis) 


Q. 33 A person in an elevator accelerating upwards with an acceleration of 
2 ms“, tosses a coin vertically upwards with a speed of 20 ms. After 
how much time will the coin fall back into his hand? (g =10 ms“) 


Ans. Here, initial speed of the coin (u)=20m/s 


Acceleration of the elevator (a)=2 m/s” (upwards) 
Acceleration due to gravity (g) = 10 m/s” 
.. Effective acceleration a'= g + a=10+2=12 m/s? (here, acceleration is w.r.t. the lift) 
If the time of ascent of the coin ist, then 
V =u + at 
0 = 20 + (-12) xt 
20 5 
or t =— = -S 
le 3 
Time of ascent = Time of desent 
Total time after which the coin fall back into hand = (2 + 4 $= ~ S=3005 


Note While calculating net acceleration we should be aware that if lift is going 
upward net acceleration is (g + a) and for downward net acceleration is (g — a). 


Long Answer Type Questions 


Q. 34 There are three forces F}, F, and F} acting on a body, all acting on a 
point P on the body. The body is found to move with uniform speed. 
(a) Show that the forces are coplanar. 
(b) Show that the torque acting on the body about any point due to these 
three forces is zero. 
@ Thinking Process 


As the body is found to move with uniform velocity hence, we can say that total 
force acting will be zero. 


Ans. As the body is moving with uniform speed (velocity) its acceleration a = 0. 
.. The sum of the forces is zero, F, + F, + F, =0 
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(a) Let R, F,, F be the three forces passing through a point. Let F, and F, be in the plane A 
(one can always draw a plane having two intersecting lines such that the two lines lie on 
the plane). Then A + F, must be in the plane A. 
since, R =- (F, + F,), R is also in the plane A. 

(b) Consider the torque of the forces about P Since, all the forces pass through P the 
torque is zero. Now, consider torque about another point O. Then torque about O is 
Torque = OP x (A+ R + F) 

Since, A + F, + R = 0, torque = 0 


Q. 35 When a body slides down from rest along a smooth inclined plane 
making an angle of 45° with the horizontal, it takes time T. When the 
same body slides down from rest along a rough inclined plane making 
the same angle and through the same distance, it is seen to take time 
pT, where pis some number greater than 1. Calculate the coefficient of 
friction between the body and the rough plane. 


Ans. Consider the diagram where a body slides down from along an inclined plane of inclination 


(= 45°). 

On smooth inclined plane Acceleration of a body sliding down a smooth inclined plane 
a=gsin0 

Here, 0 = 45° 


g 
a = 0 sin45° = — 
à J2 


Let the travelled distance be s. 


, 1 
Using equation of motion, S =ut + atê, we get 


1 Oo 2 
s=0t + -=T 
Dai? 
2 
g= gi 
2/2 
On rough inclined plane Acceleration of the body a = g(sin 8 — u cos 8) 
= g (sin45°— u cos 45°) 
g-u) í l 1 
= As, sin 45° = cos 45° = —— 
V2 V2 


. , , 1 
Again using equation of motion, S =ut + 5 at?, we get 





Or 





E 190=u) 2 
ae ae Bp (pT) 


272 
or TE Swee (ii) 


xD 





From Eas. (i) and (ii), we get 
gT? _ g(1-p)prT* 





2/2 22 
or (1-p)p* =1 
1 
or B 


—| | 1 
or = "a 
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Q. 36 Figure shows (v,, t), and (v,, t) diagrams for a body of unit mass. Find 
the force as a function of time. 


Ans. Consider figure (a) V, =2t forO0<t<is 
=2 (2 -t)forl<t <2s 
= 010m S26. 
From figure (b) v, =t for0<t< 1s 
= 1 fort 1s 
F, = ma, =m Os 
at 
= 1.42 forO<t<1s 
=1(- 2) tor 1<f <28 
for2 <t 
V V 
(msi) (ms7!) 
2 2 
1 1 
| 
t t 
1S 2s 1s 2s 3s 
(a) (b) 
: dv, 
= ma, = m — 
y y dt 
= 1 x Ifor O<t < 1s = Ofor 1<t 
Hence, F=F,i + Fj 
= 3) 4 j ior O<1 <1s 
=ø] forl<t<2s 
=) fort >2s. 


Q. 37 A racing car travels on a track (without banking) ABCDEFA. ABC is a 
circular arc of radius 2 R. CD and FA are straight paths of length R and 
DEF is a circular arc of radius R =100 m. The coefficient of friction on 
the road is u =0.1. The maximum speed of the car is 50 ms“. Find the 
minimum time for completing one round. 
À F 





@ Thinking Process 
The necessary centripetal force required for the circular motion will be provided by 
the frictional force. 


Laws of Motion gl 


2 
, = . m 

Ans. Balancing frictional force for centripetal force ia f=uN = aig 
i 


where, N is normal reaction. 








V= ag (where, ris radius of the circular track) 
For path ABC Path length = z (2r 2hny= 30 R= on * 100 
= 300mm 
V,.=<eng =101 «2.10010 
= 1414 m/s 
a hee 
1414 
For path DEF Path length = ; (2mR) = AA = 50r 
V> = JuRg = 4/01 x100 x10 = 10m/s 
50r 


10 


For paths, CD and FA 


Path length = R+ R =2R = 200 m 


ta = ae 4.0 s. 
50 
<. Total time for completing one round 
t =t; +t, +t, =666+ 157 + 4.0 = 863s 


Q. 38 The displacement vector of a particle of mass m is given by 
r (t) =i Acosot + j B sin ot. 
(a) Show that the trajectory is an ellipse. 
(b) Show that F = - mo*r. 


@ Thinking Process 
To find trajectory, we will relate x and y in terms of constants A and B. 


Ans. (a) Displacement vector of the particle of mass mis given by 
r (t)= i Acosoœot + jBsinat 


Displacement along x-axis is, 


x = Acosat 

or Tago ot (i) 
A 

Displacement along y-axis /s, 

and y=Bsinot 

or Lm sin œt 
B 


Squaring and then adding Eas. (i) and (ii), we get 
2 2 


Tz + ge =008° ot + sin? era 


This is an equation of ellipse. 
Therefore, trajectory of the particle is an ellipse. 
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(b) Velocity of the particle 
re ai cosa o (B sinat) 
dt dt dt 
= İ[A -sin œt). œ] + j[B(cos œt). œ] 
= -Í Aosinot + j Bocos ot 


Acceleration of the particle (a) = x 


or aen ia (sin œt) + j ba ees cot ) 
d at 


= — Í Aofcos ot]. œ + j Bo [-sin ot]. œ 
-= -Í Ao? cos ot — j Ba’ sin at 
= — œ [İ Acos ot + j Bsin œt] 
=- 0r 
.. Force acting on the particle, 
F=ma=-m or, Hence proved. 


Q. 39 A cricket bowler releases the ball in two different ways 
(a) giving it only horizontal velocity, and 
(b) giving it horizontal velocity and a small downward velocity. 
The speed v, at the time of release is the same. Both are released at a 


height H from the ground. Which one will have greater speed when the 
ball hits the ground ? Neglect air resistance. 


@ Thinking Process 
The horizontal component of velocity will remain unaffected by gravity. 
Ans. (a) When ball is given only horizontal velocity Horizontal velocity at the time of release 


Ux.) =Vs 

During projectile motion, horizontal velocity remains unchanged, 
Therefore, Ve =U, =V; 

In vertical direction, ve =u% + 2gH 





“Resultant speed of the ball at bottom, 


v= v +V 
= v5 + 2gH (i) 


Laws of Motion B3 


(o) When ball is given horizontal velocity and a small downward velocity 





Let the ball be given a small downward velocity u. 
In horizontal direction V's =U, =V; 
In vertical direction v% =u + 2gH 


or vi, = Ju? + 2gH 
“Resultant speed of the ball at the bottom 


v'= vi +V = vo +u + 2gH ...(ii) 


From Eqs. (i) and (ii), we get v'>v 


Q. 40 There are four forces acting at a point P produced by strings as shown in 
figure. Which is at rest? Find the forces F, and F,. 





@ Thinking Process 
To balance the forces, we have to resolve them along two mutually perpendicular 
directions. 
Ans. Consider the adjacent diagram, in which forces are Np 
resolved. 
On resolving forces into rectangular components, in 


equilibrium forces (F -+ a N are equal to V2 N and 








Ja 
1 
F, is equal to | V2 + — ÍN. 
2190" ( F) 
Fpa 
1 yo 
I Ot 4 
Bo 6 eS eS S707 N 
i 2 g2 ae 
1 241 3 
and F, = /2 + = N =— N=2121N 
$ y2 4a Ja 
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Q. 41A rectangular box lies on a rough inclined surface. The coefficient of 
friction between the surface and the box is u. Let the mass of the box be m. 
(a) At what angle of inclination O of the plane to the horizontal will the 
box just start to slide down the plane? 
(b) What is the force acting on the box down the plane, if the angle of 
inclination of the plane is increased to a > 0? 
(c) What is the force needed to be applied upwards along the plane to make 
the box either remain stationary or just move up with uniform speed? 
(d) What is the force needed to be applied upwards along the plane to 
make the box move up the plane with acceleration a? 
Ans. (a) Consider the adjacent diagram, force of friction on the box will act up the plane. 
For the box to just starts sliding down mg 
sinð = f = uN =u mgcosd 
or tand = u > 0 = tan! (u) 


(b) When angle of inclination is increased to a >90, then 
net force acting on the box, down the plane is 





F,=mg sina -f=mgsina-pN 
= mg (sina — u COs a). 


(c) To keep the box either stationary or just move it up with uniform speed, upward force 


needed, F, = mg sin a + f = mg (sin a + u cos a) (In this case, friction would act down 
the plane). 


(d) If the box is to be moved with an upward acceleration a, then upward force needed, 
F, = mg (sina + ucosa) + ma. 


Q. 42 A helicopter of mass 2000 kg rises with a vertical acceleration of 
15 ms“. The total mass of the crew and passengers is 500 kg. Give the 
magnitude and direction of the (g = 10 ms *) 


(a) force on the floor of the helicopter by the crew and passengers. 
(b) action of the rotor of the helicopter on the surrounding air. 
(c) force on the helicopter due to the surrounding air. 
Ans. Given, mass of helicopter (m,) = 2000 kg 
Mass of the crew and passengeres m, = 500 kg 
Acceleration in vertical direction a =15m/s° (t) and g =10m/s? (4) 
(a) Force on the floor of the helicopter by the crew and passengers 
M>(g + a)=500(10+15)N 
500 x25 N = 12500 N 
(b) Action of the rotor of the helicopter on the surrounding air = (m, + ™,)(g + a) 
= (2000+ 500) x(10+ 15) = 2500 x25 
= 62500 N (downward) 
(c) Force on the helicopter due to the surrounding air 
= reaction of force applied by helicopter. 


= 62500 N (upward) 
Note We should be very clear when we are balancing action and reaction forces. We 
must know that which part is action and which part is reaction due to the 
action. 


Work, Energy and Power 


Multiple Choice Questions (IMCQs) 


Q. 1 An electron and a proton are moving under the influence of mutual forces. 
In calculating the change in the kinetic energy of the system during 
motion, one ignores the magnetic force of one on another. This is, 
because 

(a) the two magnetic forces are equal and opposite, so they produce no net effect 
(b) the magnetic forces do not work on each particle 

(c) the magnetic forces do equal and opposite (but non-zero) work on each particle 
(d) the magnetic forces are necessarily negligible 


@ Thinking Process 


In this problem as the electron and proton are moving under the influence of mutual 
forces, they will perform circular motion about their centre (i.e, about middle point 
of the line joining them). 


Ans. (b) When electron and proton are moving under influence of their mutual forces, the 
magnetic forces will be perpendicular to their motion hence no work is done by these 
forces. 


Q. 2 A proton is kept at rest. A positively charged particle is released from rest 
at a distance d in its field. Consider two experiments; one in which the 
charged particle is also a proton and in another, a positron. In the same 
time t, the work done on the two moving charged particles is 

(a) same as the same force law is involved in the two experiments 

(b) less for the case of a positron, as the positron moves away more rapidly and the 
force on it weakens 

(c) more for the case of a positron, as the positron moves away a larger distance 

(d) same as the work done by charged particle on the stationary proton 


Ans. (c) Force between two protons is same as that of between proton and a positron. 
As positron is much lighter than proton, it moves away through much larger distance 
compared to proton. 
We know that work done = force x distance. As forces are same in case of proton and 
positron but distance moved by positron is larger, hence, work done will be more. 
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Q. 3 A man squatting on the ground gets straight up and stand. The force of 
reaction of ground on the man during the process is 
(a) constant and equal to mg in magnitude 
(b) constant and greater than mg in magnitude 
(c) variable but always greater than mg 
(d) at first greater than mg and later becomes equal to mg 
Ans. (d) When the man is squatting on the ground he is tilted somewhat, hence he also has to 


balance frictional force besides his weight in this case. 
R =reactional force = friction + mg 


=> R> mg 
When the man gets straight up in that case friction =O 
> Reactional force mg 


Q. 4 A bicyclist comes to a skidding stop in 10 m. During this process, the 
force on the bicycle due to the road is 200N and is directly opposed to the 
motion. The work done by the cycle on the road is 

(a) + 2000) (b) — 200J (c) zero (d) — 20, 000) 
@ Thinking Process 
In this problem energy will be lost due to dissipation by friction. 
Ans. (c) Here, work is done by the frictional force on the cycle and is equal to - 
200 x 10 = — 2000 J. 
As the road is not moving, hence, work done by the cycle on the road = zero. 


Note We should be aware that here the energy of bicyclist is lost during the 
motion, but it is lost due to friction in the form of heat. 


Q. 5 A body is falling freely under the action of gravity alone in vaccum. 
Which of the following quantities remain constant during the fall? 
(a) Kinetic energy (b) Potential energy 
(c) Total mechanical energy (d) Total linear momentum 
Ans. (c) As the body is falling freely under gravity, the potential energy decreases and kinetic 


energy increases but total mechanical energy (PE + KE) of the body and earth system 
will be constant as external force on the system is zero. 


Q. 6 During inelastic collision between two bodies, which of the following 
quantities always remain conserved? 
(a) Total kinetic energy (b) Total mechanical energy 
(c) Total linear momentum (d) Speed of each body 


@ Thinking Process 


In an inelastic collision between two bodies due to some deformation, energy may 
be lost in the form of heat and sound etc. 


Ans. (c) When we are considering the two bodies as system the total external force on the 
system will be zero. 
Hence, total linear momentum of the system remain conserved. 
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Q. 7 Two inclined frictionless tracks, one gradual and the other steep meet at 
A from where two stones are allowed to slide down from rest, one on 


each track as shown in figure. 
Which of the following statement is correct? 





pL 
(a) Both the stones reach the bottom at the same time but not with the same speed 
(b) Both the stones reach the bottom with the same speed and stone I reaches the 
bottom earlier than stone II 
(c) Both the stones reach the bottom with the same speed and stone II reaches the 
bottom earlier than stone | 
(d) Both the stones reach the bottom at different times and with different speeds 


Ans. (c) As the given tracks are frictionless, hence, mechanical energy will be conserved. As 
both the tracks having common height, h. 
From conservation of mechanical energy, 


; mv? = mgh (for both tracks | and Il) 
V=./20n 


Hence, speed is same for both stones. For stone |, a, = acceleration along inclined 
plane =g sin 0, 

Similarly, for stone Ila, = g sin 0, as @, >0, hence, a, >a). 

And both length for track Il is also less hence, stone Il reaches earlier than stone I. 


Q. 8 The potential energy function for a particle executing linear SHM is 
given by V(x) = kx? where k is the force constant of the oscillator 


(Fig). Fork = 0.5 N/m, the graph of V(x) versus x is shown in the figure. A 
particle of total energy E turns back when it reaches x =+x,. IfV and K 
indicate the PE and KE, respectively of the particle at x =+ x„, then 
which of the following is correct? 





xr 


a) V =O, 
b 
C / 
(d) V =O, 
Ans. (b) Total energy is E = PE+ KE si 
When particle is at x = x„ i.e., at extreme position, returns back. Hence, at x = x,,; 
ssu k bS0 
1 


From Eq. (i) E=PE + 0=PE=V(m)= 5 ke 


SS 


(a) V 
(b) V =E, 
(©) V <E 


SS 


A 
ANN AW 
I 


E 
O 
O 
E 


< 
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Q. 9 Two identical ball bearings in contact with each other and resting on a 
frictionless table are hit head-on by another ball bearing of the same mass 
moving initially with a speed v as shown in figure. 


eve 


If the collision is elastic, which of the following (figure) is a possible 
result after collision? 


——$—*'V3 


vi w2 VB 


(c) (d) 
Ans. (b) When two bodies of equal masses collides elastically, their velocities are 
interchanged. 
When ball 1 collides with ball-2, then velocity of ball-1, v,becomes zero and velocity of 
ball-2, v, becomes v, /.e., similarly. 
V,=0 > Vo=V 
when ball 2 collides will ball 3 Və =0, V3 =V 


Q. 10 A body of mass 0.5 kg travels in a straight line with velocity v =a x°”? 
1/2571. The work done by the net force during its 
displacement from x =0 to x =2mis 

(a) 1.5 J (b) 50 J (c) 10 J (d) 100 J 


Ans. Given, v = ax°’? 


where qa=5m_ 


m=05kg,a=5m “?s~ 1, work done (W) =? 
We know that 


dv dv d 
Acceleration a) =— =v— =ax?!® — (ax*!*) 
at dx dx 
3 3 
=ar xax— xxl? == a'x? 
2 2 
3 2,2 
Now, Force =ma =M—a°x 


Work done = [o> Fax = i ma?x*dx 
-> ma? x (x° fe) 


=> mat x 8 = = x (05) x (25) x 8= 50J 
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Q. 11 A body is moving unidirectionally under the influence of a source of 
constant power supplying energy. Which of the diagrams shown in figure 
correctly shown the displacement-time curve for its motion? 


d d 
A od E 
t> is [> [=> 
(a) (b) (c) (d) 


Ans. (b) Given, power = constant 


We know that power (P) 


Des OW es de (.* body is moving unidirectionally) 


at at at 
Hence, Fas =Fdscos0” 
P= < = constant (.. P = constant by question) 


Now, writing dimensions 
[F] [v] = constant 


> [MLT °] [LT '] = constant 
> Lê T? =constant t mass is constant) 
> Læ T?/* > Displacement (d) «t*/? 


Q. 12 Which of the diagrams shown in figure most closely shows the variation 
in kinetic energy of the earth as it moves once around the sun in its 


elliptical orbit? 
KE KE KE KE 





(a) (b) (c) (d) 


Ans. (d) When the earth is closest to the sun, speed of the earth is maximum, hence, KE is 
maximum. When the earth is farthest from the sun speed is minimum hence, KE is 
minimum but never zero and negative. 


This variation is correctly represented by option(d). 
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Q. 13 Which of the diagrams shown in figure represents variation of total 
mechanical energy of a pendulum oscillating in air as function of time? 


z z 
\ V ps t 
t 
(a) (b) 
E E 
(c) (d) 
Ans. (c) When a pendulum oscillates in air, it will lose energy continuously in overcoming 
resistance due to air. Therefore, total mechanical energy of the pendulum decreases 


continuously with time. 
The variation is correctly represented by curve (c). 


Q. 14 A mass of 5 kg is moving along a circular path of radius 1 m. If the mass 
moves with 300 rev/min, its kinetic energy would be 
(a) 2507? (b) 1007? 
(c) 52° (d) 0 
Ans. (a) Given, mass =m=5kg 
Radius =1m =A 
Revolution per minute œ = 300 rev/min 
= (300 x 27) rad/min 
= (300 x2 x 314)rad/60s 
_ 300 x2 x 314 
p 60 
= linear soeed =v=@R 
E (= =) (1) 
60 
= 10r m/s 


KE a mv? 
2 


rad/s =10 x rad/s 


1 2 
=— x 5x(10 
T x (10r) 


= 100r? eect 
2 


= 250 n° J 
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Q. 15 A raindrop falling from a height h above ground, attains a near terminal 
velocity when it has fallen through a height (3/4)h. Which of the 
diagrams shown in figure correctly shows the change in kinetic and 
potential energy of the drop during its fall up to the ground? 





Á PE 
KE 
! 
(a) 
X 
h 
i m PE 
KE 
KE 
O t O t 


@ Thinking Process 


During fall of a raindrop first velocity of the drop increases and then become 
constant after sometime. 


Ans. (6) When drop falls first velocity increases, hence, first KE also increases. After sometime 
speed (velocity) is constant this is called terminal velocity, hence, KE also become 
constant. PE decreases continuously as the drop is falling continuously. 

The variation in PE and KE is best represented by (b). 


Q. 16 In a shotput event an athlete throws the shotput of mass 10 kg with an 
initial speed of 1 ms at 45° from a height 1.5 m above ground. 
Assuming air resistance to be negligible and acceleration due to gravity 
to be 10 ms “, the kinetic energy of the shotput when it just reaches 
the ground will be 

(a) 2.5 J (b) 5.0 J (c) 52.5 J (d) 155.0 J 
@ Thinking Process 


As air resistance is negligible, total mechanical energy of the system will remain 
constant. 


Ans. (d) Given, h=15m, v =1m/s,m=10kg, g =10ms~? 


From conservation of mechanical energy. 
(PE) i + (KE)/ = (PE) f + (KE) f 


=> mgh + = mv? = 0 + (KE) 

= (KE) f = mgh + =m 

=> (KE) f= 10 x10 x18 + = x10 x (1? 
= 150+ 5=155J 


Note We should be careful about the reference taken for PE, it may or may not be the 
ground. 
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Q. 17 Which of the diagrams in figure correctly shows the change in kinetic 
energy of an iron sphere falling freely in a lake having sufficient depth 
to impart it a terminal velocity? 


KE KE | 
O t 


O Depth i Depth 
(a) (b) 


KE KE 


O Depth O Depth l 
(c) (d) 
Ans. (b) First velocity of the iron sphere increases and after sometime becomes constant, 


called terminal velocity. Hence, accordingly first KE increases and then becomes 
constant which is best represented by (b). 


Q. 18 A cricket ball of mass 150 g moving with a speed of 126 km/h hits at the 
middle of the bat, held firmly at its position by the batsman. The ball 
moves straight back to the bowler after hitting the bat. Assuming that 
collision between ball and bat is completely elastic and the two remain 
in contact for 0.001s, the force that the batsman had to apply to hold 
the bat firmly at its place would be 


(a) 10.5 N (b) 21 N (c) 105 x10/ N (d)21x107N 
150 3 
~(c) Given, m= 150g = —— kg = — k 
Ans. (c) Oana on 
At = time of contact = 0.001s 
u-i- ewes 
60 x 60 


v =— 126 km/h =- 35 m/s 
Change in momentum of the ball 


Ap=m (v -u)= a 35 — 35) kg-m/s 


20 
ae a) ee 
20 2 


We know that force F = Ap 


=l Nes a N 
0.001 
Here, — ve sign shown that force will be opposite to the direction of movement of the 


ball before hitting. 
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Multiple Choice Questions (More Than One Options) 


Q. 19 A man of mass m, standing at the bottom of the staircase, of height L 
climbs it and stands at its top. 
(a) Work done by all forces on man is equal to the rise in potential energy mgL 
(b) Work done by all forces on man is zero 
(c) Work done by the gravitational force on man is mgL 
(a) 


d 


The reaction force from a step does not do work because the point of 
application of the force does not move while the force exists 


Ans. (b, d) 
When a man of mass m climbs up the staircase of height L, work done by the gravitational 
force on the man is-mgl work done by internal muscular forces will be mgL as the change in 
kinetic energy is almost Zero. 
Hence, total work done =- mgL + mgL = 0 
As the point of application of the contact forces does not move hence work done by reaction 
forces will be zero. 


Note Here work done by friction will also be zero as there is no dissipation or 
rubbing is involved. 


Q. 20 A bullet of mass m fired at 30° to the horizontal leaves the barrel of the 
gun with a velocity v. The bullet hits a soft target at a height h above 
the ground while it is moving downward and emerge out with half the 
kinetic energy it had before hitting the target. 


Which of the following statements are correct in respect of bullet after it 
emerges out of the target? 
(a) The velocity of the bullet will be reduced to half its initial value 
b) The velocity of the bullet will be more than half of its earlier velocity 
c) The bullet will continue to move along the same parabolic path 
d) The bullet will move in a different parabolic path 
e) The bullet will fall vertically downward after hitting the target 
(f) The internal energy of the particles of the target will increase 


Ans. (b, d, f) 


Consider the adjacent diagram for the given situation in the question. 


( 
( 
( 
( 





(b) Conserving energy between “O” and “A” 





=> 0+ 5 mv" = mgh + 5 mv’ 
(vA? ve 
=> =— =- gh 
2 2 J 
> v}? =v? -2 gh=>v'= v? -2 gh Ò 
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where v'is speed of the bullet just before hitting the target. Let soeed after emerging from 
the target is v” then, 





1 > 1/1 J 
By question, = — (mv =-|-—mi(v' 
ya 5 (vee =i > mv) 
lve = me Sie = h] 
9 4 4 9 
2 2 
E (vn? v“ -2għh_v" h 
2 2 
2 
V 
= v"=,|——gh „(ii 
z 9 (ii) 
From Eqs. (i) and (ii) 
Vi aV =2 Gn 
a Lae) 
Ue averse on 
J2 
5 v” 57" (5 
“ap ~ XO 
= L = 2 = 1.414 >1 
2 
V! 
= Vv" >— 
2 


Hence, after emerging from the target velocity of the bullet (v”) is more than half of its 
earlier velocity v’ (velocity before emerging into the target). 


(d) As the velocity of the bullet changes to v’which is less than v! hence, path, followed will 


change and the bullet reaches at point B instead of A’, as shown in the figure. 


(f) As the bullet is passing through the target the loss in energy of the bullet is transferred 


to particles of the target. Therefore, their internal energy increases. 


QO. 21 Two blocks M, and M, having equal mass are free to move on a 


horizontal frictionless surface. M, is attached to a massless spring as 
shown in figure. Initially M, is at rest and M, is moving toward M, with 
Speed v and collides head-on with M,. 

(a) While spring is fully compressed all the KE of M, is stored as PE of spring 


(b) While spring is fully compressed the system momentum is not conserved, 
though final momentum is equal to initial momentum 


(c) If spring is massless, the final state of the M, is state of rest 


(d) If the surface on which blocks are moving has friction, then collision cannot be 
elastic 


M,=m M, =m 


| a 7 


Ans. (c) Consider the adjacent diagram when M, comes in contact with the spring, M, is 


retarded by the spring force and M, is accelerated by the spring force. 
(a) The spring will continue to compress until the two blocks acquire common velocity. 
(b) As surfaces are frictionalless momentum of the system will be conserved. 
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(c) If spring is massless whole energy of M} will be imparted to M, and M, will be at 
rest, then 


(d) Collision is inelastic, even if friction is not involved. 
M, M, 


ah 


Very Short Answer Type Questions 


Q. 22 A rough inclined plane is placed on a cart moving with a constant 
velocity u on horizontal ground. A block of mass M rests on the incline. 
Is any work done by force of friction between the block and incline? Is 
there then a dissipation of energy? 
Ans. Consider the adjacent diagram. As the block M is at rest. 
Hence, f = frictional force = Mg sin 0 
f 


Mg sin® M 
na 
SN — U 


The force of friction acting between the block and incline opposes the tendency of sliding of 
the block. Since, block is not in motion, therefore, no work is done by the force of friction. 
Hence, no dissipation of energy takes place. 


Q. 23 Why is electrical power required at all when the elevator is descending? 
Why should there be a limit on the number of passengers in this case? 
Ans. When the elevator is descending, then electric power is required to prevent it from falling 
freely under gravity. 
Also, as the weight inside the elevator increases, its speed of descending increases, 
therefore, there should be a limit on the number of passengers in the elevator to prevent the 
elevator from descending with large velocity. 


Q. 24 A body is being raised to a height h from the surface of earth. What is 
the sign of work done by 


(a) applied force and 
(b) gravitational force? 


Ans. (a) Force is applied on the body to lift it in upward direction and displacement of the body is 
also in upward direction, therefore, angle between the applied force and displacement 
is 0 = 0° 
.. Work done by the applied force 

W= Fsċ0os0=FfFsc0s0°= FS (~ coses T 
|e., W = Positive 
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(b) The gravitational force acts in downward direction and displacement in upward 
direction, therefore, angle between them is 8 = 180°. 


<. Work done by the gravitational force 
W = Fscos180°= -Fs (*COS180° = 1) 


Q. 25 Calculate the work done by a car against gravity in moving along a 
straight horizontal road. The mass of the car is 400 kg and the distance 
moved is 2 m. 
Ans. Force of gravity acts on the car vertically downward while car is moving along horizontal 
road, i.e., angle between them is 90°. 
Work done by the car against gravity 
W = Fscosg0’=0 (Cos 90" = 0) 


Q. 26 A body falls towards earth in air. Will its total mechanical energy be 
conserved during the fall? Justify. 
Ans. No, total mechanical energy of the body falling freely under gravity is not conserved, 


because a small part of its energy is utilised against resistive force of air, which is 
non-conservative force. In this condition, gain in KE < loss in PE. 


Q. 27 A body is moved along a closed loop. Is the work done in moving the 
body necessarily zero? If not, state the condition under which work done 
over a closed path is always zero. 


Ans. No, work done in moving along a closed loop is not necessarily zero. It is zero only when all 
the forces are conservative forces. 


Q. 28 In an elastic collision of two billiard balls, which of the following 
quantities remain conserved during the short time of collision of the 
balls (7.e., when they are in contact)? 


(a) Kinetic energy. 
(b) Total linear momentum. 


Give reason for your answer in each case. 


Ans. Total linear momentum of the system of two balls is always conserved. While balls are in 
contact, there may be deformation which means elastic PE which came from part of KE 
Therefore, KE may not be conserved. 


Q. 29 Calculate the power of a crane in watts, which lifts a mass of 100 kg to a 
height of 10 m in 20s. 


Ans. Given, mass =m = 100kg 
height =h=10m time duration t = 20s 
power = Rate of work done 
_ change of PE mgh 
time — t 
100x 9.8x 10 
7 20 
= 5x 98= 490 W 
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Q. 30 The average work done by a human heart while it beats once is 0.5 J. 
Calculate the power used by heart if it beats 72 times in a minute. 


Ans. Given, average work done by a human heart per beat = 0.5J 
Total work done during 72 beats 





=72 x05J=36J 
Ere ues done _ 36 J -06W 
Time 60s 


Q. 31 Give example of a situation in which an applied force does not result in 
a change in kinetic energy. 
Ans. When a charged particle moves in a uniform normal magnetic field, 
the path of the particle is circular, as given field is uniform hence, 
radius of the circular path is also constant. 


As the force is central and movement is tangential work done by the 
force is zero. As speed is also constant we can say that AK = 0. 


Q. 32 Two bodies of unequal mass are moving in the same direction with equal 
kinetic energy. The two bodies are brought to rest by applying retarding 
force of same magnitude. How would the distance moved by them before 
coming to rest compare? 

Ans. According to work-energy theorem, 

Change in KE =Work done by the retarding force 
KE of the body =Retarding force x Displacement 


As KE of the bodies and retarding forces applied on them are same, therefore, both bodies 
will travel equal distances before coming to rest. 


Q. 33 A bob of mass m suspended by a light string of length C 
L is whirled into a vertical circle as shown in figure. 
What will be the trajectory of the particle, if the 
String is cut at 
(a) point B ? 
(b) point C? A 
(c) point X? 
@ Thinking Process 


In a uniform circular motion, velocity is always tangential in the direction of motion 
at any point. 


Ans. When bob is whirled into a vertical circle, the required centripetal force is obtained from the 
tension in the string. When string is cut, tension in string becomes zero and centripetal 
force is not provided, hence, bob start to move in a straight line path along the direction of 
its velocity. 


(a) At point B, the velocity of Bis vertically downward, therefore, when string is cut at B, bob 
moves vertically downward. 

(b) At point C, the velocity is along the horizontal towards right, therefore, when string is cut 
at C, bob moves horizontally towards right. 
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Also, the bob moves under gravity simultaneously with horizontal uniform speed. So, it 
traversed on a parabolic path with vertex at C. 


(c) At point X, the velocity of the bob is along the tangent drawn at point X, therefore when 
string is cut at point C, bob moves along the tangent at that point X. 


Also, the bob move under gravity simultaneously with horizontal uniform speed . So, it 
traversed on a parabolic path with vertex higher than C. 


C 


< 


Short Answer Type Questions 


Q. 34 A graph of potential energy V (x) versus x is shown in figure. A particle of 
energy E, is executing motion in it. Draw graph of velocity and kinetic 
energy versus x for one complete cycle AFA. 

V(x) 
A F 


B 
> : 


C D 


@ Thinking Process 
We will assume total mechanical energy of the system to be constant. 
Ans. KE versus x graph 


We know that Total ME = KE + PE 

=> Fy =KE+ V(x) 

= KE=E, = V(x) 

at A, x = 0, Vix) = Ep 

= KE =F, —£, =0 

at B, V(x)< Eo 

= KE >0 (positive) 


at C and D, V(x) = 0 
=> KE Is maximum at F, V(x) = E, 
Hence, KE =0 
The variation is shown in adjacent diagram. 
Velocity versus x graph 
WD ee 


AS KE =— mv 
2 


<. At A and F, where KE=0,v = 0. 
At C and D, KE is maximum. Therefore, v is + max. 
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At B, KE is positive but not maximum. 
Therefore, v is + some value (< max.) 
The variation is shown in the diagram. 





Q. 35 A ball of mass m, moving with a speed 2v, collides inelastically (e > 0) 
with an identical ball at rest. Show that 
(a) For head-on collision, both the balls move forward. 
(b) For a general collision, the angle between the two velocities of 
scattered balls is less than 90°. 


Ans. (a) Let v} and v, are velocities of the two balls after collision. 
Now, by the principle of conservation of linear momentum, 
2MVə = MV, + MV, 


or 2Vo = V4 + Vo 

Və =V 

and e=4 1 
2Vo 


2V, =2V_ — 2EVy 
ie Vi =V (l-e) 
Since, e <1= v; has the same sign as v, , therefore, the ball moves on after collision. 
(b) Consider the diagram below for a general collision. 





o—-@ 
Before After Ps 
collision collision 





By principle of conservation of linear momentum, 
P=P,+P, 
pp. BS 
For inelastic collision some KE is lost, hence — >— + 22 
2m 2m 2m 


P > pr + 5 
Thus, p, p; and p, are related as shown in the figure. 
Ə is acute (less than 909 (p° = pf + p would given @ = 909 
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Q. 36 Consider a one-dimensional motion of a particle with total energy E. 
There are four regions A, B, C and D in which the relation between 
potential energy V, kinetic energy (K) and total energy E is as given 


below 
RegionA:V>£ Region B: V< £ 
Region C:K<E£ Region D: V>E 


State with reason in each case whether a particle can be found in the 
given region or not. 
@ Thinking Process 
A particle cannot be found in the given region when KE < 0. 


Ans, We know that 
Total energy E =PE + KE 


= P=V+K cea) 
For region A Given, V > E, From Eq. (i) 

K=E-V 
as V>E>E-V<O 


Hence, K < 0, this is not possible. 

For region B Given, V < E=>E-V>0 

This is possible because total energy can be greater than PE (V). 

For region C Given, K >E=>K-E>0 

from Eq. (i) PE=V=E-K<0O 

Which is possible, because PE can be negative. 

For region D Given, V >K 

This is possible because for a system PE (V) may be greater than KE (K). 


Q. 37 The bob A of a pendulum released from horizontal to the vertical hits 
another bob B of the same mass at rest on a table as shown in figure. 





If the length of the pendulum is 1m, calculate 
(a) the height to which bob A will rise after collision. 


(b) the speed with which bob B starts moving. 
Neglect the size of the bobs and assume the collision to be elastic. 


@ Thinking Process 


When two bodies of equal masses collides elastically momentum is interchanged. At 
the bottom point bob A is having almost horizontal velocity. 


Ans. When ball A reaches bottom point its velocity is horizontal, hence, we can apply 
conservation of linear momentum in the horizontal direction. 
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(a) Two balls have same mass and the collision between them is elastic, therefore, ball A 
transfers its entire linear momentum to ball B. Hence, ball A will come to at rest after 
collision and does not rise at all. 





BA 


(b) Speed with which bob B starts moving 
=Speed with which bob Ahits bob B 
= 2gh 
=,/2x98x1 
= 419.6 
= 4.42m/s 
Note When the bob A is at the bottommost point, its velocity is horizontal and 
tension is the external force on the bob but still momentum can be considered 


to be conserved in horizontal direction, because the tension has no effect in 
horizontal direction at the bottommost point. 


Q. 38 A raindrop of mass 1.00 g falling from a height of 1 km hits the ground 
with a speed of 50 ms’ t. Calculate 


(a) the loss of PE of the drop. 
(b) the gain in KE of the drop. 


(c) Is the gain in KE equal to loss of PE? If not why? 


Take, g =10 ms“. 


Ans. Given, mass of the rain drop (m) = 1.00 9 
= 1x10% kg 
Height of falling (h) = 1km = 10° m 
g =10m/s? 
Speed of the rain drop (v) = 50 m/s 


(a) Loss of PE of the drop = mgh 
=1x10° x10 x10% = 10J 


(b) Gain in KE of the drop = Tm? 


x1 107° x (50 


=— x107? x 2500 


M]— pj oa 


= 1.250J 


(c) No, gain in KE is not equal to the loss in its PE, because a part of PE is utilised in doing 
work against the viscous drag of air. 
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Q. 39 Two pendulums with identical bobs and lengths are suspended from a 
common support such that in rest position the two bobs are in contact 
(figure). One of the bobs is released after being displaced by 10° so that 
it collides elastically head-on with the other bob. 





(a) Describe the motion of two bobs. 


(b) Draw a graph showing variation in energy of either pendulum with 
time, for 0 < t < 27. where T is the period of each pendulum. 


@ Thinking Process 


As collision is elastic, mechanical energy of the system is conserved. We have to 
apply energy conservation principle to describe the motion of the two bobs. 


Ans. (a) Consider the adjacent diagram in which the bob B is displaced through an angle 6 and 
released. 
Att = 0, suppose bob B is displaced by 8 = 10° to the right. 
It is given potential energy E, = E. Energy of A, E, = 0. 
When B is released, it strikes A att =7/4. In the head-on 
elastic collision between B and A comes to rest and A gets 
velocity of B. Therefore, EF, =O and E> =E. Att =27/4,B 
reaches its extreme right position when KE of A is converted 
into PE =£, = E. Energy of B, E, = 0. 
At t = 37/4, A reaches its mean position, when its PE is 
converted into KE = E, = E. It collides elastically with B and 
transfers whole of its energy to B. Thus, E, =0 and & =E. The entire process is 
repeated. 

(b) The values of energies of B and A at different time intervals are tabulated here. The plot 

of energy with time 0 <t <2 T is shown separately for B and A in the figure below. 








Time (t) Energy of A Energy of B 
(E,) (E>) 
0 E O 
1/4 0 E 
27/4 0 E 
37/4 È O 
41/4 E 0 
51/4 O E 
61/4 0 E 
77/4 E O 
81/4 E O 








mMm M 





t 
T/4 3T/4 5T/4  7T/4 T/4 3T/4 5T/4 71/4 
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Q. 40 Suppose the average mass of raindrops is 3.0 x 10 kg and their average 
terminal velocity 9 ms‘. Calculate the energy transferred by rain to 
each square metre of the surface at a place which receives 100cm of rain 
in a year. 

Ans. Given, average mass of rain drop 

(m) = 30x10 kg 

Average terminal velocity = (V) = 9 m/s. 

Height (h) = 100cm =1m 
Density of water (p) = 10° kg/m? 
Area of the surface (A) = 1m? 

Volume of the water due to rain (V) = Area x height 
=Axh 
=1x1=1m° 

Mass of the water due to rain (M) = Volume x density 

=Vxp 
=1x10° 
=10° kg 


1 
.. Energy transferred to the surface = E mv? 
LE 
= — x 10" x (9 
> (9) 
= 40.5 x 10? J = 4.05 x 107 J 


Q. 41 An engine is attached to a wagon through a shock absorber of length 
1.5 m. The system with a total mass of 50,000 kg is moving with a speed 
of 36 kmh™t when the brakes are applied to bring it to rest. In the 
process of the system being brought to rest, the spring of the shock 
absorber gets compressed by 1.0 m. If 90% of energy of the wagon is 
lost due to friction, calculate the spring constant. 


Ans. Given, mass of the system (m) = 50,000 kg 


Speed of the system (v) = 36 km/h 
_ 36 x 1000 


60 x 60 
Compression of the spring (x) = 1.0 m 


=10m/s 


KE of the system = e 


. x 50000 x (10)° 


= 25000 x 100U =2.5x10° J 


since, 90% of KE of the system is lost due to friction, therefore, energy transferred to shock 
absorber, is given by 


AE = ha = 10% of total KE of the system 


6 
Seed) ore aa 


100 10 x (1)? 
= 5.0 x 10° N/m 
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Q. 42 An adult weighting 600 N raises the centre of gravity of his body by 
0.25m while taking each step of 1 m length in jogging. If he jogs for 
6 km, calculate the energy utilised by him in jogging assuming that 
there is no energy loss due to friction of ground and air. Assuming that 
the body of the adult is capable of converting 10% of energy intake in 
the form of food, calculate the energy equivalents of food that would be 
required to compensate energy utilised for jogging. 


@ Thinking Process 
Here, shift in centre of gravity of his body is equal to the height of each step. 
Ans. Given, weight of the adult (w) = mg = 600 N 
Height of each step =h = 025m 


Length of each step = 1m 


Total distance travelled = 6 km = 6000 m 


Total number of steps = — = 6000 


Total energy utilised in jogging = n x mgh 
= 6000 x 600 x 025J = 9 x 10° J 


since, 10% of intake energy is utilised in jogging. 
<. Total intake energy = 10 x 9 x 10° J= 9 x 10° J. 


Q. 43 On complete combustion a litre of petrol gives off heat equivalent to 
3x 10’J. In a test drive, a car weighing 1200 kg including the mass of 
driver, runs 15 km per litre while moving with a uniform speed on a 
straight track. Assuming that friction offered by the road surface and air 
to be uniform, calculate the force of friction acting on the car during the 
test drive, if the efficiency of the car engine were 0.5. 


Ans. Energy is given by the petrol in the form of heat of combustion. 
Thus, by question, 
Energy given by 1 litre of petrol = 3 x 10’ J 


Efficiency of the car engine = 0.5 
Energy used by the car = 0.5 x 3 x 10° J 


E=15x10/J 
Total distance travelled (s) = 15 km = 15 x 10° m 
If f is the force of friction then, 


F=IxsS (t: Energy is utilised in working against friction) 
1.5 x10? =f x15 x 10° 
7 
5 eo ion 
15x10 


f = 1000 N 
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Long Answer Type Questions 


Q. 44 A block of mass 1 kg is pushed up a surface inclined to horizontal at an 
angle of 30° by a force of 10 N parallel to the inclined surface (figure). 
The coefficient of friction between block and the incline is 0.1. If the 
block is pushed up by 10 m along the incline, calculate 





(a) work done against gravity 
(b 
(c 
(d 


(e) work done by applied force 


work done against force of friction 
increases in potential energy 


ÅA ë Ne ë — NAN 


increase in kinetic energy 


Ans. Consider the adjacent diagram the block is pushed up by applying a force F. 





Normal reaction (N ) and frictional force (f) is shown. 
Given, mass = m= 1 kg, 0 = 30° 
F =10N, u = 0.1 and s = distance moved by the block along the inclined plane =10 m 
(a) Work done against gravity =Increase in PE of the block 
= mg xVertical distance travelled 
=mg X s (sin 0) = (mgs) sin 0 
=1 x10 x10 xsin 30° = 50 J (g <10mé?°) 


(b) Work done against friction 
Wi=TxS=uN xs =u mg cos 0 xS 
=01« 1x10 xcos 30°x10 
= 10 x 0.866 = 866J 
(c) Increase in PE = mgh = mg (ssin 9) 
=1% 10 10 <sin 30° 


=100'x ` = 50J 
2 
(d) By work-energy theorem, we know that work done by all the forces = change in KE 
(W) = AK 
Ak =W; +W, + W; 
=> =- mgh -fs + FS 


=— 50- 8.66 + 10x10 

= 50 — 8.66 = 4134J 
(e) Work done by applied force, F = FS 

= (10) (10) = 1000 
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Q. 45 A curved surface is shown in figure. The portion BCD is free of friction. 
There are three spherical balls of identical radii and masses. Balls are 
released from rest one by one from A which is at a slightly greater height 
than C. 


C 


B 


With the surface AB, ball 1 has large enough friction to cause rolling 
down without slipping; ball 2 has a small friction and ball 3 has a 
negligible friction. 

(a) For which balls is total mechanical energy conserved? 

(b) Which ball (s) can reach D? 

(c) For balls which do not reach D, which of the balls can reach back A? 

Ans. (a) As ball 1 is rolling down without slipping there is no dissipation of energy hence, total 

mechanical energy is conserved. 


Ball 3 is having negligible friction hence, there is no loss of energy. 


(b) Ball 1 acquires rotational energy, ball 2 loses energy by friction. They cannot cross at C. 
Ball 3 can cross over. 


(c) Ball 1, 2 turn back before reaching C. Because of loss of energy, ball 2 cannot reach 
back to A. Ball 1 has a rotational motion in “wrong” sense when it reaches B. It cannot 
roll back to A, because of kinetic friction. 


Q. 46 A rocket accelerates straight up by ejecting gas downwards. In a small 
time interval At, it ejects a gas of mass Am at a relative speed u. 
Calculate KE of the entire system at t + At and t and show that the 
device that ejects gas does work = (1/2) Amu? in this time interval 


(negative gravity). 
@ Thinking Process 


As the gas is ejected, the rocket gets propelled in forward direction due to upward thrust. 


Ans. Let M be the mass of rocket at any time t and v} the velocity of rocket at the same time t. 
Let Am = mass of gas ejected in time interval At. 
Relative speed of gas ejected =u. 
Consider at timet+ At 
(KE), + At =KEof rocket + KE of gas 
1 


mu F An 2 1 awe 
ae Am) (v + Av) fone u) 


= ; Mv? + MvAv — Amvu + ; Amu? 
(KE), =KE of the rocket at time t = ; Mv? 
AK = (KE), + At — (KE), 


=(MAv — Amu) v + A Amu? 


Since, action-reaction forces are equal. 


Work, Energy and Power 1Q7 


dv dm 


Hence, M— =—|u| 
dt at 
=> MAv = Amu 
AK = 1 Amu? 
2 
Now, by work-energy theorem, 
AK = AW 
= AW = ; Amu? 


Q. 47 Two identical steel cubes (masses 50g, side 1 cm) collide head-on face 
to face with a space of 10 cm/s each. Find the maximum compression of 
each. Young's modulus for steel =Y =2 x 10! N/m?. 


Ans. Let m = 50g =50 x107? kg 
Side =L =1 cm =0.01m 
Speed =v =10cm/s = 0.1m/s 
Young's modulus =Y =2 x10! N/m? 


Maximum compression AL =? 


In this case, all KE will be converted to PE 
By Hooke's law , 5 =y Ar 

A L 
where A is the surface area and L is length of the side of the cube. If k is spring or 


compression constant, then 


force F=kAL 
ky e 
L 


Initial KE =2 <5 m? =5 107d 


Final PE =2 x ; k (AL)* 


=Å 
Mee ee 0 [- PE = KE] 
k YE 2x10 x0.1 


Q. 48 A balloon filled with helium rises against gravity increasing its potential 
energy. The speed of the baloon also increases as it rises. How do you 
reconcile this with the law of conservation of mechanical energy? You 
can neglect viscous drag of air and assume that density of air is 
constant. 


@ Thinking Process 


In this problem, as viscous drag of air is neglected, hence there is no dissipation of 
energy. 


Ans. Let m= Mass of balloon 
V =Volume of balloon 
P He =Density of helium 
Pair =Density of air 
Volume V of balloon displaces volume V of air. 


SO, V (Pair — PHe) 9 = Ma=mM X =up thrust (i) 
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Integrating with respect tot, 


V Par — Pue) gt = MV ii 
1 5 21 v 2 42 
=> ao =e Oa —Pre) g‘t 
1 2 2,242 
= Par Pr) Gt 


If the balloon rises to a height h, from s =ut + ; are. 


1 V (Pa =P) 


; = gt (iii) 





We get h = zat? = 


From Egs. (iii) and (ii), 
1 1 
5 mvs = [V (Pa - Pre) 91) 5 V Pair - Pre) ot? | 
=V (Pa — Pre) GN 
Rearranging the terms, 


=> ; mv? +VPhe 9h =V, hg 


So, as the balloon goes up, an equal volume of air comes down, increase in PE and KE 
of the balloon is at the cost of PE of air [which comes down]. 


System of Particles and 
Rotational Motion 


Multiple Choice Questions (MCQs) 


Q. 1 For which of the following does the centre of mass lie outside the body? 
(a) A pencil (b) A shotput (c) A dice (d) A bangle 


Ans. (d) A bangle is in the form of a ring as shown in the adjacent diagram. The centre of mass 
lies at the centre, which is outside the body (boundary). 





Q. 2 Which of the following points is the likely position of the centre of mass 
of the system shown in figure? 


Hollow sphere 
Air 





(a) A (b) B (c) C (d) D 


@ Thinking Process 


In a system of particles, the centre of mass of a body lies closer to heavier mass or 
masses. 


Ans. (c) Centre of mass of a system lies towards the part of the system, having bigger mass. In 
the above diagram, lower part is heavier, hence CM of the system lies below the 
horizontal diameter. 
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Q. 3 A particle of mass m is moving in yz-plane with a uniform velocity v with 
its trajectory running parallel to +ve y-axis and intersecting z-axis at z = a 
in figure. The change in its angular momentum about the origin as it 
bounces elastically from a wall at y = constant is 


z 
v 
a 
y 
(a) mva ê, (b) 2 mva ê, (c) ymv ê, (d) 2 ymv ê, 


@ Thinking Process 
In elastic collision, KE of the system remains conserved. Therefore, the ball will 
bounce back with the same speed v but in opposite direction i.e, along -ve y -axis. 


Ans. (b) The initial velocity is v; = ve, and after reflection from the wall, the final velocity is 
v; = — vey. The trajectory is described as position vector r = ye, + ae,. 


Hence, the change in angular momentum isr x m(v; -vV ;) =2mvae,. 


Q. 4 When a disc rotates with uniform angular velocity, which of the following 
is not true? 


(a) The sense of rotation remains same 

(b) The orientation of the axis of rotation remains same 

(c) The speed of rotation is non-zero and remains same 

(d) The angular acceleration is non-zero and remains same 


Ans. (d) We know that angular acceleration 


do. 
Qa = m given œo = constant 


where œ is angular velocity of the disc 

da 0 
a=— = — =0 
at at 


Hence, angular acceleration is zero. 


=> 


Q. 5 A uniform square plate has a small piece Q of an irregular shape removed 
and glued to the centre of the plate leaving a hole behind in figure. The 
moment of inertia about the z-axis is then, 





(a) increased (b) decreased 
(c) the same (d) changed in unpredicted manner 


@ Thinking Process 


For two bodies having same mass, the body having mass distributed at greater 
distance from an axis, will have more moment of inertia. 
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Ans. (b) Inthe given diagrams, when the small piece Q removed and glued to the centre of the 
plate, the mass comes closer to the z-axis, hence, moment of inertia decreases. 


Q. 6 In problem 5, the CM of the plate is now in the following quadrant of x-y 
plane. 
(a) | (b) II (c) II (d) IV 
Ans. (c) Consider the adjacent diagram, there is a line shown in the figure drawn along the 


diagonal. First, centre of mass of the system was on the dotted line and was shifted 
towards Q from the centre (Ist quadrant). 





When mass is removed, it will be on the same line but shifted away from the centre and 
below (Illrd quadrant). Position of CM is shown by X in the diagram. 


Q. 7 The density of a non-uniform rod of length 1m is given by p(x) = a(1 + bx’) 
where, a and b are constants and0 < x < 1. The centre of mass of the rod 


will be at 
(a) 3(2 + b) (b) 4(2 + b) © 3(3 + b) (d) 43 + b) 
A(3 + b) 3(3 + b) A(2 + b) 3(2 + b) 
Ans. (a) Density is given as o(x)=a(1+ bx7) 


where a and b are constants and O < x <1. 
Let b > 0,in this case 
o(x)= a =constant 
Hence, centre of mass will be at x = 0.5m. (middle of the rod) 
Putting, O = Oin all the options, only (a) gives 0.5. 
Note We should not check options by putting a =0, because p =0 fora = 0. 


Q. 8 A merry-go-round, made of a ring-like platform of radius R and mass M, is 
revolving with angular speed œ. A person of mass M is standing on it. At 
one instant, the person jumps off the round, radially away from the 
centre of the round (as seen from the round). The speed of the round of 
afterwards is 


(a)2@ (b) @ (c) 3 (d) O 

Ans. (a) As no external torque acts on the system, angular momentum should be conserved. 
Hence J œ = constant (I) 
where, Z is moment of inertia of the system and œ is angular velocity of the system. 
From Eq. (i) Lo, = 1, oo, 
(where œ and œ, are angular velocities before and after jumping) 


(as mass reduced to half, hence, moment of inertia also reduced to half) 
=> Ws = 20 


112 NCERT Exemplar (Class XI) Solutions 


Multiple Choice Questions (More Than One Options) 


Q. 9 Choose the correct alternatives 
(a) For a general rotational motion, angular momentum L and angular velocity œ 
need not be parallel. 


(b) For a rotational motion about a fixed axis, angular momentum L and angular 
velocity œ are always parallel. 


(c) For a general translational motion, momentum p and velocity v are always 
parallel. 


(d) For a general translational motion, acceleration a and velocity v are always 
parallel. 


Ans. (a, c) 
For a general rotational motion ,where axis of rotation is not symmetric. Angular momentum 
L and angular velocity œ need not be parallel. For a general translational motion momentum 


p = mv, hence, p and v are always parallel. 


Q. 10 Figure shows two identical particles 1 and 2, each of mass m, moving in 
opposite directions with same speed v along parallel lines. At a particular 
instant r} and r, are their respective position vectors drawn from point A 
which is in the plane of the parallel lines. Choose the correct options. 


A 
l4 
qd 
d2 
1 V 
V 2 


x 


a) Angular momentum J, of particle 1about A is J = mv(d}) 
b 


C 


d 


xr 


Angular momentum I, of particle 2 about A is J, = mvr, 


Total angular momentum of the system about A is I = mv(r, + b) 


( 
( 
( 
( 


wo ë S 


Total angular momentum of the system about A is J = mv(d, - d,) ® 


represents a unit vector coming out of the page. 
® represents a unit vector going into the page. 


Ans. (a, b) 
The angular momentum L of a particle with respect to origin is defined to beL =r xp 
where, r is the position vector of the particle and pis the linear momentum. The direction of 
L is perpendicular to both dr and p by right hand rule. 


For particle 1, Z4 = r4 x mv, is out of plane of the paper and perpendicular to r, and p(m v) 
Similarly J, =, x m (- v)is into the plane of the paper and perpendicular tor, and — p. 


Hence, total angular momentum 
f=4+h=h xmv+(-b x mv) 
|I| = mv d} - mvd, asd, > d, total angular momentum will be inward 
Hence, I=mv (d, - d,)®@ 


Note In the expression of angular momentum I =r xp the direction of lis taken by 
right hand rule. 
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Q. 11 The net external torque on a system of particles about an axis is zero. 
Which of the following are compatible with it? 

(a) The forces may be acting radially from a point on the axis 

(b) The forces may be acting on the axis of rotation 

(c) The forces may be acting parallel to the axis of rotation 

( 


) 
d) The torque caused by some forces may be equal and opposite to that caused by 
other forces 


Ans. (a, b, c, d) 


We know that torque on a system of particles t =r x F =F sin @n (I) 
where, @ is angle betweenr and F, and nis a unit vector perpendicular to both r and F. 

(a) When forces act radially, 8 = O hence| t| = O [from Eq. (i)] 
(b) When forces are acting on the axis of rotation, r = 0,| t| = O [from Eq. (i)] 
(c) When forces acting parallel to the axis of rotation 8 = 0°,| t | = O [from Eq. (i)] 
(d) When torque by forces are equal and opposite, Thet =T, — To =0 


Q. 12 Figure shows a lamina in xy-plane. Two axes z and z’ pass perpendicular 
to its plane. A force F acts in the plane of lamina at point P as shown. 
Which of the following are true? (The point P is closer to z'-axis than the 
Z-aXiS.) 


A 


a) Torque t caused by F about z -axis is along — k 


A 


( 
(b) Torque t’ caused by F about z'-axis is along —k 
(c 

(d 
@ Thinking Process 


Torque of a force F about an axis is r xF which is perpendicular to the plane 
containing r and F. 


Ans. (b, c) 
(a) Consider the adjacent diagram, where r > r' 
Torque t about z-axis t =r x F which is along k 


Torque t caused by F about z-axis is greater in magnitude than that about z-axis 
Total torque is given be t =7t + 7’ 


) 
) 


Z EAZ 
-77 a 
‘ ar 
p / 
s FTP p 


— a e = — 


AN 


(b) t'=r' x F which is along- k 
(c) |t|, = Fr, = magnitude of torque about z-axis where r, is perpendicular distance 
between F and z-axis. 
Similarly, [tL = Fr’ 
Clearly fee = alela 
(d) We are always calculating resultant torque about a common axis. 
Hence, total torque t # t + t', because t and t'are not about common axis. 
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Q. 13 With reference to figure of a cube of edge a and mass m, state whether 
the following are true or false. (O is the centre of the cube.) 





(a) The moment of inertia of cube about z-axis is I, = I, + I, 


2 
(b) The moment of inertia of cube about z’-axis is J, = I, + = 


2 
ae 2 ma 
(c) The moment of inertia of cube about z"-axis is = I, + —— 


(d) I, =I, 


@ Thinking Process 


Moment of inertia about two symmetrical axes are same. To calculate net moment 
of inertia we can apply the concept of symmetry. 


Ans. (a, b, d) 

(a) Theorem of perpendicular axes is applicable only for laminar (plane) objects. Thus, 
option (a) is false. 

(b) As z'|| z and distance between them = at es 


Pp 


Now, by theorem of parallel axes 


2 2 
a ma 
lysil-a m( = UEa 


Hence, choice (b) is true. 
(c) z"is not parallel to z hence, theorem of parallel axis cannot be applied. 
Thus, option (c) is false. 
(d) As x and y-axes are symmetrical. 
Hence, f= 
Thus, option (d) is true. 


System of Particles and Rotational Motion 119 


Very Short Answer Type Questions 


Q. 14 The centre of gravity of a body on the earth coincides with its centre of 
mass for a small object whereas for an extended object it may not. What 
is the qualitative meaning of small and extended in this regard? 

For which of the following two coincides? A building, a pond, a lake, a 
mountain? 
@ Thinking Process 


Centre of gravity is centre of a given structure but centre of mass is a point where 
whole mass of the body can be assumed to be concentrated. 


Ans. When the vertical height of the object is very small as compared to the earth’s radius, we 
call the object small, otherwise it is extended. 


(i) Building and pond are small objects. 
(ii) A deep lake and a mountain are examples of extended objects. 


Q. 15 Why does a solid sphere have smaller moment of inertia than a hollow 
cylinder of same mass and radius, about an axis passing through their 
axes of symmetry? 

Ans. The moment of inertia of a body is given by J =È nie [sum of moment of inertia of each 

constituent particles] 


All the mass in a cylinder lies at distance R from the axis of symmetry but most of the mass 
of a solid sphere lies at a smaller distance than R. 


Q. 16 The variation of angular position 0, of a point on a rotating rigid body, 
with time t is shown in figure. Is the body rotating clockwise or 
anti-clockwise? 





Ans. As the slope of 0-t graph is positive and positive slope indicates anti-clockwise rotation 
which is traditionally taken as positive. 


Q. 17A uniform cube of mass m and side a is placed on a frictionless 
horizontal surface. A vertical force F is applied to the edge as shown in 
figure. Match the following (most appropriate choice) 

F 





A 
(a) mg/4<F<mg/2 | (i) Cubewill move up. 
(ob) F>mgf (ii) Cube will not exhibit motion. 
(c) F>mg (iii) Cube will begin to rotate and slip at A. 
(d) F=mg/4 (iv) Normal reaction effectively at a/3 from A, no motion. 
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Ans. Consider the below diagram 
Moment of the force F about point A, t, = F x a (anti-clockwise) 


Moment of weight mg of the cube about point A, 


To = Mg x 5 (clockwise) 


F 
A 
mg 
Cube will not exhibit motion, if T4 = To 
(z In this case, both the torque will cancel the effect of each other) 
Fxa=mgx 2 => pau 
2 2 
Cube will rotate only when, t4 > T, 
=> Fxa>mgx2 s f> UY 
2 2 
Let normal reaction is acting at < from point A, then 
mg xS=Fxaor F= (For no motion) 
When F = which is less than a (F < me 


there will be no motion. 
(a) > (il) (b) > (iii) (c) > (i) (d) > (iv) 


Q. 18 A uniform sphere of mass m and radius R is placed on a rough horizontal 
surface (figure). The sphere is struck horizontally at a height h from the 
floor. Match the following 


————, 


t 


| 


(a) h=R/2 (i) Sphere rolls without slipping with a constant velocity and no 
loss of energy. 


S 


h=R (i) Sphere spins clockwise, loses energy by friction. 


— 
QO 
S 


h=3R/2 (ii Sphere spins anti-clockwise, loses energy by friction. 


2 


h=7R/5 (iv) Sphere has only a translational motion, looses energy by friction. 
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Ans. Consider the diagram where a sphere of m and radius R, struck horizontally at height h 


above the floor 
F iE 


| 


The sphere will roll without slipping when œ = A where, v is linear velocity and œ is angular 
velocity of the sphere. i 


Now, angular momentum of sphere, about centre of mass 


[We are applying conservation of angular momentum just before and after struck] 


mv(h - R)= Io = (Ema? )( | 
5 R 


=> mv(h — R) = Emh 


F-R= R = FcR 
z 5 


Therefore, the sphere will roll without slipping with a constant velocity and hence, no loss of 


energy, SO (d) (1) 
Torque due to applied force, F about centre of mass 
t=F(h—-R) (clockwise) 


For t = 0, h = R, sphere will have only translational motion. It would lose energy by friction. 
Hence, (b) > (iv) 

The sphere will spin clockwise when t >0 > h>R 

Therefore, (c) > (il) 

The sphere will spin anti-clockwise when t <0 => h<R, (a) > (iii) 


Short Answer Type Questions 


Q. 19 The vector sum of a system of non-collinear forces acting on a rigid body 
is given to be non-zero. If the vector sum of all the torques due to the 
system of forces about a certain point is found to be zero, does this 
mean that it is necessarily zero about any arbitrary point? 


Ans. No, not necessarily. 
Given, >F +0 


i 

The sum of torques about a certain point O, sr xF =0 
i 

The sum of torques about any other point O’ 


Liga) xF; = Diy xF; -a x) F 
j j j 


Here, the second term need not vanish. 
Therefore, sum of all the torques about any arbitrary point need not be zero necessarily. 
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Q. 20 A wheel in uniform motion about an axis passing through its centre and 
perpendicular to its plane is considered to be in mechanical 
(translational plus rotational) equilibrium because no net external force 
or torque is required to sustain its motion. However, the particles that 
constitute the wheel do experience a centripetal the acceleration 
directed towards the centre. How do you reconcile this fact with the 
wheel being in equilibrium? 

How would you set a half wheel into uniform motion about an axis 
passing through the centre of mass of the wheel and perpendicular to its 
plane? Will you require external forces to sustain the motion? 

Ans. Wheel is a rigid body. The particles that constitute the wheel do experience a centripetal 
acceleration directed towards the centre. This acceleration arises due to internal elastic 
forces, which cancel out in pairs. 

In a half wheel, the distribution of mass about its centre of mass (through which axis of 
rotation passes) is not symmetrical. Therefore, the direction of angular momentum of the 


wheel does not coincide with the direction of its angular velocity. Hence, an external torque 
is required to maintain the motion of the half wheel. 


Q. 21 A door is hinged at one end and is free to rotate about a vertical axis 
(figure). Does its weight cause any torque about this axis? Give reason 


for your answer. 


£ X 
Ans. Consider the diagram, where weight of the door acts along negative y-axis. 


Y 
Z X 
A force can produce torque only along a direction normal to itself as t =r x F. So, when the 


door is in the xy-plane, the torque produced by gravity can only be along + z direction, 
never about an axis passing through y-direction. 


Hence, the weight will not produce any torque about y-axis. 
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Q. 22 (n —1) equal point masses each of mass m are placed at the vertices of a 
regular n-polygon. The vacant vertex has a position vector a with 
respect to the centre of the polygon. Find the position vector of centre 
of mass. 


@ Thinking Process 
The centre of mass of a regular n-polygon lies at its geometrical centre. 
Ans. Let b be the position vector of the centre of mass of a regular n-polygon. 
(n — 1) equal point masses are placed at (n — 1) vertices of the regular n-polygon, therefore, 
for its centre of mass 
(nN -1)mb + ma 


lou = =Q (v Centre of mass lies at centre) 
(nN-1)m+m 





= (n-1)mb + ma=0 





= b=- 
n=l 


Long Answer Type Questions 
Q. 23 Find the centre of mass of a uniform (a) half-disc, (b) quarter-disc. 


Ans. Let M and R be the mass and radius of the half-disc, mass per unit area of the half-disc 


- 2M 
|p? nR? 
2 





(a) The half-disc can be supposed to be consists of a large number of semicircular rings of 
mass dm and thickness dr and radii ranging from r = 0 tor =R. 


Surface area of semicircular ring of radius r and of thickness dr = z 2m xdr= mar 





.. Mass of this elementary ring, dam = nrdr x 


nR? 
dm = > rar 
If (x, y) are coordinates of centre of mass of this element, 
then, in, y= (o =) 
TU 
Therefore, x=0O-and y= a 


Let xem and yoy, be the coordinates of the centre of mass of the semicircular disc. 
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Th oie u 
en xom = zz Joxam= = | 0am =0 
1 eR 1 pR2r 2M 
Yom = Tlovam = = 0 =, (2 rar} 


A y 4 fe 
=> POF = al 
nR °9 mR<“| 3 R 
4 R? 4R 
= — = () = — 
nR 3 3n 


<. Centre of mass of the semicircular disc = (0 =) 


TU 
(b) Centre of mass of a uniform quarter disc. Y 
, , 4M | 
Mass per unit area of the quarter disc = —~ = —, 
mR nR 
4 
Using symmetry R 
, , , 4R 
For a half-disc along y-axis centre of mass will be at x = Ta 
LE E 
O R X 
For a half-disc along x-axis centre of mass will be at x = = 
TU 
Hence, for the quarter disc centre of mass = (=. =) 
on 3n 


Q. 24 Two discs of moments of inertia J, and I, about their respective axes 
(normal to the disc and passing through the centre), and rotating with 
angular speed œ and œ, are brought into contact face to face with their 
axes of rotation coincident. 

(a) Does the law of conservation of angular momentum apply to the 
situation? Why? 

(b) Find the angular speed of the two discs system. 

(c) Calculate the loss in kinetic energy of the system in the process. 

(d) Account for this loss. 

@ Thinking Process 


Due to friction between the two discs, the system will acquire common angular 
speed after sometime. 


Ans. Consider the diagram below 
Let the common angular velocity of the system is œ. 


(a) Yes, the law of conservation of angular momentum < IS Tw < IS Lo 
can be applied. Because, there is no net external a =a 
torque on the system of the two discs. 

f i | = 


External forces, gravitation and normal reaction, act D> 


l 
through the axis of rotation, hence, produce no D, œ i 
torque. —— i 
l 
l 
Individual Combined 

discs disc 
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(b) By conservation of angular momentum 








L,=L 
5 lo = Lo, + Lo, 
Lo + Lo 
= o - 40 + £202 at! 2 2 (. I=L+ L) 


I Led 


1 Lo, +I1,0, 1 (Lo, + Le.) 
(c) K-i pÉ 1 2 2) = (L 1 2 2) 
2 (I, + L) 2 (4+) 








1 


k=) (ho? + 1.03) 
rope 
2 (L+) 


(d) Hence, there is loss in KE of the system. The loss in kinetic energy is mainly due to the 
work against the friction between the two discs. 


Q. 25 A disc of radius R is rotating with an angular w, about a horizontal axis. 
It is placed on a horizontal table. The coefficient of kinetic friction is u, . 


(a) What was the velocity of its centre of mass before being brought in 
contact with the table? 


(b) What happens to the linear velocity of a point on its rim when placed 
in contact with the table? 


(c) What happens to the linear speed of the centre of mass when disc is 
placed in contact with the table? 


(d) Which force is responsible for the effects in (b) and (c)? 
(e) What condition should be satisfied for rolling to begin? 
(f) Calculate the time taken for the rolling to begin. 


Ans. (a) Before being brought in contact with the table the disc was in pure rotational motion 
hence, Voy = 0. 
Wo 


(b) When the disc is placed in contact with the table due to friction velocity of a point on the 
rim decreases. 


(c) When the rotating disc is placed in contact with the table due to friction centre of mass 
acquires some linear velocity. 


(d) Friction is responsible for the effects in (b) and (c). 
(e) When rolling starts Voy = oR. 





where œ is angular speed of the disc when rolling just starts. 
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(f) Acceleration produced in centre of mass due to friction 


F _ umg 
a =—= = f 
cM 7 m Hg 





F 


Angular retardation produced by the torque due to friction. 


geo a [ot = (m NR = u mgr] 
I I 
Vom = Ucy + âcpt 
and O = Op + at 
R 
= 0 = @ - -a 
For rolling without slipping, “ou = 0 
R 
> Vem — Wo = a 
R f 
ugt u mgR 
BaO gg PEIR, 
R I 
Rog 








- 2 
Ho + i | 


Note In this problem, frictional force helps in setting pure rolling motion. 


Q. 26 Two cylindrical hollow drums of radii R and 2 R, and of a common height 

h, are rotating with angular velocities œ (anti-clockwise) and 
œ (clockwise), respectively. Their axes, fixed are parallel and in a 
horizontal plane separated by 3R +6. They are now brought in contact 
(6 — 0) 

(a) Show the frictional forces just after contact. 

(b) Identify forces and torques external to the system just after contact. 

(c) What would be the ratio of final angular velocities when friction 

ceases? 


Ans. (a) Consider the situation shown below, we have shown the frictional forces. 


Fall Frictional 
F| force on left drum (upward) 
Frictional 


ma at the F | force on right drum (downward) 
point of contact 
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(b) F'=F = F"where F’and Fare external forces through support. 
= Fret = 0 (one each cylinder) 


External torque = F x 3R, (anti-clockwise) 
F" 


> 


F 


Z 
(c) Let œ and œ, be final angular velocities of smaller and bigger drum 
respectively (anti-clockwise and clockwise respectively) 
Finally, there will be no friction. 
Hence, Ro, =2Ro, > a 
Wo 
Note We should be very careful while indicating direction of frictional forces. 


Q. 27 A uniform square plate S (side c) and a uniform rectangular plate R 
(sides b, a) have identical areas and masses. 











y y 
X C A 
Show that 
(a) I /Ixs<1 (0) tgp f dye 24 (C) Lip / Iz; >1 
Ans. By given question 
Area of square = Area of rectangular plate 
5 c°=axb > c° =ab 
Now by definition 
2 
(a) Li A F. I œ (area)*] 
xS C 
From the diagram b <c 
I 2 
> 2 = (2) 1 > dlp dla 
Te C 
I 2 
(b) aha 
YS C 
as a> C 
I 2 
Jan (2) A 
Lye C 
(c) Lp - Ls œ (a? + b? -2c°)=a? + b? -2ab=(a- b? [-c* = ab] 
I 
> (L,-L.)>0 > £>] 


ZS 
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Q. 28 A uniform disc of radius R, is resting on a table on its rim. The 
coefficient of friction between disc and table is u (figure). Now, the disc 
is pulled with a force F as shown in the figure. What is the maximum 
value of F for which the disc rolls without slipping? 


@ Thinking Process 
Frictional force on the disc will be in opposite direction of F and supports the 
rotation of the disc in clockwise direction. 


Ans. Consider the diagram below 
Frictional force (f) is acting in the opposite direction of F. 


Let the acceleration of centre of mass of disc be a then 


F -f = Ma (i) 
where M is mass of the disc 
—a 
F 
f 
The angular acceleration of the disc is 
a=a/R (for pure rolling) 
from tela 
1 2 1 »\( a 
= fR=|—MRS |a => fR=|—MA* | — 
2 2 R 
= Ma = 2f es(i) 


From Eas. (i) and (ii), we get 
f=F/3 [TN =Mg] 
f <uN=uMg 


w| 7 


<uMg > F<3uMg 


= Fax = 3 Mg 
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Multiple Choice Questions (IMCQs) 


Q. 1 The earth is an approximate sphere. If the interior contained matter which 
is not of the same density everywhere, then on the surface of the earth, 
the acceleration due to gravity 

(a) will be directed towards the centre but not the same everywhere 

(b) will have the same value everywhere but not directed towards the centre 

(c) will be same everywhere in magnitude directed towards the centre 

(d 

Ans. (d) If we assume the earth as a sphere of uniform density, then it can be treated as point 

mass placed at its centre. In this case acceleration due to gravity g = 0, at the centre. 


It is not so, if the earth is considered as a sphere of non-uniform density, in that case 
value of g will be different at different points and cannot be zero at any point. 


) 
) 


cannot be zero at any point 


Q. 2 As observed from the earth, the sun appears to move in an approximate 
circular orbit. For the motion of another planet like mercury as observed 
from the earth, this would 


(a) be similarly true 

(b) not be true because the force between the earth and mercury is not inverse 
square law 

(c) not be true because the major gravitational force on mercury is due to the sun 

(d) not be true because mercury is influenced by forces other than gravitational 
forces 


Ans. (c) As observed from the earth, the sun appears to move in an approximate circular orbit. 
The gravitational force of attraction between the earth and the sun always follows 
inverse square law. 

Due to relative motion between the earth and mercury, the orbit of mercury, as 
observed from the earth will not be approximately circular, since the major gravitational 
force on mercury is due to the sun. 
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Q. 3 Different points in the earth are at slightly different distances from the 
sun and hence experience different forces due to gravitation. For a rigid 
body, we know that if various forces act at various points in it, the 
resultant motion is as if a net force acts on the CM (centre of mass) 
causing translation and a net torque at the CM causing rotation around an 
axis through the CM. For the earth-sun system (approximating the earth 
as a uniform density sphere). 

(a) the torque is zero 
(b) the torque causes the earth to spin 
(c) the rigid body result is not applicable since the earth is not even approximately 
a rigid body 
(d) the torque causes the earth to move around the sun 
Ans. (a) As the earth is revolving around the sun in a circular motion due to gravitational 


attraction. The force of attraction will be of radial nature i.e., angle between position 
vector r and force F is zero. So, torque =|t| =|r xF| = rFsin0°= 0 


Q. 4 Satellites orbitting the earth have finite life and sometimes debris of 
satellites fall to the earth. This is because 
(a) the solar cells and batteries in satellites run out 
(b) the laws of gravitation predict a trajectory spiralling inwards 


(c) of viscous forces causing the speed of satellite and hence height to gradually 
decrease 


(d) of collisions with other satellites 


Ans. (c) As the total energy of the earth satellite bounded system is negative = an) 
where, a is radius of the satellite and M is mass of the earth. ae 
Due to the viscous force acting on satellite, energy decreases continuously and radius 
of the orbit or height decreases gradually. 





Q. 5 Both the earth and the moon are subject to the gravitational force of the 
sun. As observed from the sun, the orbit of the moon 


(a) will be elliptical 

(b) will not be strictly elliptical because the total gravitational force on it is not 
central 

(c) is not elliptical but will necessarily be a closed curve 

(d) deviates considerably from being elliptical due to influence of planets other 
than the earth 

Ans. (b) As observed from the sun, two types of forces are acting on the moon one is due to 

gravitational attraction between the sun and the moon and the other is due to 

gravitational attraction between the earth and the moon. Hence, total force on the 

moon is not central. 
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Q. 6 In our solar system, the inter-planetary region has chunks of matter 
(much smaller in size compared to planets) called asteroids. They 


(a) will not move around the sun, since they have very small masses compared to 
the sun 


(b) will move in an irregular way because of their small masses and will drift away 
into outer space 


(c) will move around the sun in closed orbits but not obey Kepler’s laws 
(d) will move in orbits like planets and obey Kepler’s laws 


Ans. (d) Asteroids are also being acted upon by central gravitational forces, hence they are 
moving in circular orbits like planets and obey Kepler’s laws. 


Q. 7 Choose the wrong option. 


(a) Inertial mass is a measure of difficulty of accelerating a body by an external 
force whereas the gravitational mass is relevant in determining the gravitational 
force on it by an external mass 


(b) That the gravitational mass and inertial mass are equal is an experimental result 


(c) That the acceleration due to gravity on the earth is the same for all bodies is due 
to the equality of gravitational mass and inertial mass 


(d) Gravitational mass of a particle like proton can depend on the presence of 
neighbouring heavy objects but the inertial mass cannot 


Ans. (d) Gravitational mass of proton is equivalent to its inertial mass and is independent of 
presence neighbouring heavy objects. 


Q. 8 Particles of masses 2M, m and M are respectively at points A, B and C with 
AB = -B0 m is much-much smaller than M and at time t =0, they are all 


at rest as given in figure. 
At subsequent times before any collision takes place. 


A B $ 
o o o 
2M m M 
(a) m will remain at rest (b) m will move towards M 
(c) m will move towards 2M (d) m will have oscillatory motion 


@ Thinking Process 


The particle B will move towards the greater force, between forces by A and B. 


Ans. (c) Force on Bdue to A= Fp; = ar towards BA 





Force on B due to C = Fec = = towards BC 


AS, (BC) =2AB 
GMm GMm 


= = = aig 
BC OABÊ =4(ABy ” 


Hence, m will move towards BA (/.e., 2M) 
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Multiple Choice Questions (More Than One Options) 


Q. 9 Which of the following options are correct? 
(a) Acceleration due to gravity decreases with increasing altitude 


(b) Acceleration due to gravity increases with increasing depth (assume the earth to 
be a sphere of uniform density) 


(c) Acceleration due to gravity increases with increasing latitude 
(d) Acceleration due to gravity is independent of the mass of the earth 
@ Thinking Process 


Acceleration due to gravity is maximum on the surface of the earth, it decreases in both 
cases while going upward or at a depth. 


Ans. (a, C, d) 


| | g í an) 
Acceleration due to gravity at altitude h, = ——>__. # g| 1- — 
Honey Ih (1+ h/R/P JT RB 
At depth d, dy =9 í — z) 


In both cases with increase in h and d, g decreases. 
At latitude 4, Ja =9 - oRoos* > 


As ọ increases g, increases. 
Also, we can conclude from the formulae, that it is independent of mass. 


Q. 10 If the law of gravitation, instead of being inverse square law, becomes 
an inverse cube law 
(a) planets will not have elliptic orbits 
(b) circular orbits of planets is not possible 


(c) projectile motion of a stone thrown by hand on the surface of the earth will be 
approximately parabolic 


(d) there will be no gravitational force inside a spherical shell of uniform density 
Ans. (a, c) 


If the law of gravitation becomes an inverse cube law, then we can write, for a planet of 
mass m revolving around the sun of mass M, 





2 
re = 7A (where a is radius of orbiting planet) 
a a 
VGM 1 
= v =orbital soeed = — > VvV&æ-— 
a a 


2ra 2ra 2na? 








Time period of revolution of a planet 7 = = = 
j j V VGM ~VGM 
a 
> T «a’ 
Hence, orbit will not be elliptical. [for elliptical orbit T? oc aî] 
As force F= (Sm =gm 
a 

, GM 

where, g'=— 
a 


As g', acceleration due to gravity is constant, hence path followed by a projectile will be 
approximately parabolic. (as T œ aô) 
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Q. 11 If the mass of the sun were ten times smaller and gravitational constant 


G were ten times larger in magnitude. Then, 

a) walking on ground would become more difficult 

b) the acceleration due to gravity on the earth will not change 
c) raindrops will fall much faster 


Ce. (Fe EE ES 


d) airplanes will have to travel much faster 


Ans. (a, c, d) 


Given, G'= 10G 
Consider the adjacent diagram. 


m ge Sun 
Ç% r 
Object 


Force on the object due to the earth = 





ee l- G’=10G given] 











Re 
-o(a 
= (10g)mM=10 mg vo-e] g 
Force on the object due to the sun F = Mam 
A [s m = Maven] 


As r >>R (radius of the earth) => F will be very small. 

So, the effect of the sun will be neglected. 

Now, asg’'=109 

Hence, weight of person = mg ' = 10 mg [from Eq. (i)] 
ie., gravity pull on the person will increase. Due to it, walking on ground would become 
more difficult. 

Critical velocity, v, is proportional to g i.e., 


Ve COG 
As, g'>g 
=> Ve” SVa 


Hence, rain drops will fall much faster. 
To overcome the increased gravitational force of the earth, the aeroplanes will have to travel 
much faster. 


Q. 12 If the sun and the planets carried huge amounts of opposite charges, 


(a) all three of Kepler’s laws would still be valid 
(b) only the third law will be valid 

(c) the second law will not change 

(d) the first law will still be valid 


@ Thinking Process 
Electrostatic force of attraction acts between two opposite charges. 
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Ans. (a, C, d) 
Due to huge amounts of opposite charges on the sun and the earth electrostatic force of 
attraction will be large. Gravitational force is also attractive in nature have both forces will be 
added. 


Both the forces obey inverse square law and are central forces. As both the forces are of 
same nature, hence all the three Kepler’s laws will be valid. 


Q. 13 There have been suggestions that the value of the gravitational constant 
G becomes smaller when considered over very large time period 
(in billions of years) in the future. If that happens, for our earth, 
(a) nothing will change 
(b) we will become hotter after billions of years 
(c) we will be going around but not strictly in closed orbits 
(d) after sufficiently long time we will leave the solar system 
Ans. (c, d) 
We know that gravitational force between the earth and the sun. 


F, = GMm 


z ‚where M is mass of the sun and m is mass of the earth. 
7 





When G decreases with time, the gravitational force Fẹ will become weaker with time. As Fs 
is changing with time. Due to it, the earth will be going around the sun not strictly in closed 
orbit and radius also increases, since the attraction force is getting weaker. 

Hence, after long time the earth will leave the solar system. 


Q. 14 Supposing Newton's law of gravitation for gravitation forces F} and F, 


between two masses m, and m, at positions r, and r, read 
n 


r 2 mm 
F, =— a GM 12 
: i 3 : M2 
Mae 0 


where M is a constant of dimension of mass, r,, =r; —f and n is a 
number. In such a case, 
(a) the acceleration due to gravity on the earth will be different for different objects 
(b) none of the three laws of Kepler will be valid 
(c) only the third law will become invalid 
(d) for n negative, an object lighter than water will sink in water 


Ans. (a,c, d) 


n 
, -r m,m 
Given, F =-F, = 2 am| re 
M 
ho 0 
ho =h -r 
|F| 


Acceleration due to gravity, g = 
mass 


_ GM5 (mm) 1 
r, (Mo)? (mass) 
Since, g depends upon position vector, hence it will be different for different objects. As g is 


not constant, hence constant of proportionality will not be constant in Kepler’s third law. 
Hence, Kepler's third law will not be valid. 





As the force is of central nature. E force œ +| 
; 
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Hence, first two Kepler’s laws will be valid. 
_ GM6 (mm,y" 1 
r (Ma) (mass) 
= GM5 "(mm)" 
ko (mass) 
GMS Mey 1 
mm, mass 





For negative n, 








2 
ho 
AS My >m, or M, 
g >0, hence in this case situation will reverse i.e., object lighter than water will sink in water. 


Q. 15 Which of the following are true? 
(a) A polar satellite goes around the earth’s pole in north-south direction 
( 


b) 
(c) A geostationary satellite goes around the earth in west-east direction 
d) 


( 
Ans. (a, c) 


A geostationary satellite is having same sense of rotation as that of earth i.e., west-east 
direction. 


A polar satellite goes around the earth’s pole in north-south direction. 


A geostationary satellite goes around the earth in east-west direction 


A polar satellite goes around the earth in east-west direction 


Earth 


Earth 


Geostationary Polar satellite 


satellite 


Q. 16 The centre of mass of an extended body on the surface of the earth and 
its centre of gravity 
(a) are always at the same point for any size of the body 
b 
C 
d 


e 


SS 


are always at the same point only for spherical bodies 

can never be at the same point 

is close to each other for objects, say of sizes less than 100 m 
both can change if the object is taken deep inside the earth 


( 
( 
( 
( 


Ans. (d) 
For small objects, say of sizes less than 100 m centre of mass is very close with the centre 
of gravity of the body. But when the size of object increases, its weight changes and its CM 
and CG become far from each other. 
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Very Short Answer Type Questions 


Q. 17 Molecules in air in the atmosphere are attracted by gravitational force of 
the earth. Explain why all of them do not fall into the earth just like an 
apple falling from a tree. 

Ans. Air molecules in the atmosphere are attracted vertically downward by gravitational force of 

the earth just like an apple falling from a tree. Air molecules move randomly due to their 


thermal velocity and hence the resultant motion of air molecules is not exactly in the vertical 
downward direction. 


But in case of apple, only vertical motion dominates because of being heavier than air 
molecules. But due to gravity, the density of atmosphere increases near to the earth’s 
surface. 


Q. 18 Give one example each of central force and non-central force. 


Ans. Example of central force Gravitational force, electrostatic force etc. 
Example of non-central force Nuclear force, magnetic force acting between two current 
carrying loops etc. 


Q. 19 Draw areal velocity versus time graph for mars. 


Ans. Areal velocity of a planet revolving around the sun is constant with time. Therefore, graph 
between areal velocity and time is a straight line (AB) parallel to time axis.( Kepler's second 
law). 


Areal 
velocity 
O Time —> 


Q. 20 What is the direction of areal velocity of the earth around the sun? 
Ans. Areal velocity of the earth around the sun is given by 


qA L 
dt 2m 
where, L is the angular momentum and mis the mass of the earth. 
But angular momentum L=rxp=r xmv 
Areal velocity (2) = a (r xmNy)= 2 (r xv) 
dt 2m 2 


Therefore, the direction of areal velocity (2) is in the direction of (r x v), Le., perpendicular 


to the plane containing r and v and directed as given by right hand rule. 


Q. 21 How is the gravitational force between two point masses affected when 
they are dipped in water keeping the separation between them the 
same? 


— : , Gmm 
Ans. Gravitational force acting between two point masses m, and m,, F = —4 


2 
of the nature of medium between them. Therefore, gravitational force acting between two 


point masses will remain unaffected when they are dipped in water. 





, İs independent 
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Q. 22 Is it possible for a body to have inertia but no weight? 


Ans. Yes, a body can have inertia (/.e., mass) but no weight. 
Everybody always have inertia (/.e., mass) but its weight 
(mg) can be zero, when it is taken at the centre of the 
earth or during free fall under gravity. 


Earth 


(E E 


e.g., In the tunnel through the centre of the earth, the 
object moves only due to inertia at the centre while its 
weight becomes zero. 


Q. 23 We can shield a charge from electric fields by putting it inside a hollow 
conductor. Can we shield a body from the gravitational influence of 
nearby matter by putting it inside a hollow sphere or by some other 
means? 

Ans. A body cannot be shielded from the gravitational influence of nearby matter, because 


gravitational force between two point mass bodies is independent of the intervening 
medium between them. 


It is due to the above reason, we cannot shield a body from the gravitational influence of 
nearby matter by putting it either inside a hollow sphere or by some other means. 


Q. 24 An astronaut inside a small spaceship orbitting around the earth cannot 
detect gravity. If the space station orbitting around the earth has a 
large size, can he hope to detect gravity? 

Ans. Inside a small spaceship orbitting around the earth, the value of acceleration due to gravity 

g, can be considered as constant and hence astronaut feels weightlessness. 


If the space station orbitting around the earth has a large size, such that variation in g 
matters in that case astronaut inside the spaceship will experience gravitational force and 
hence can detect gravity. e.g., On the moon, due to larger size gravity can be detected. 


Q. 25 The gravitational force between a hollow spherical shell (of radius R and 
uniform density) and a point mass is F. Show the nature of F versus r 
graph where r is the distance of the point from the centre of the hollow 
spherical shell of uniform density. 

Ans. Consider the diagram, density of the shell is constant. 

Let it is p. Fg Spherical shell 


Mass of the shell = (density) x (volume) 
=(p) x SaR? =M 


As the density of the shell is uniform, it can be treated as a point mass placed at its centre. 
GMm 


Therefore, F = gravitational force between M and m= —; 
F 





F= JOrrah (i.e., force inside the shell is zero) 


-M for r= R 
F 
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The variation of F versus r is shown in the diagram. 


O| AR p —> 


Note When r tends to infinity, force tends to zero, also force is maximum on the 
surface of the hollow spherical shell. 


Q. 26 Out of aphelion and perihelion, where is the speed of the earth more and 
why? 
Ans. Aphelion is the location of the earth where it is at the greatest distance from the sun and 
perihelion is the location of the earth where it is at the nearest distance from the sun. 


(Perihelion) ia, (Aphelion earth) 


Vp > VA 
G 
The areal velocity (r <v] Jor the earth around the sun is constant (Kepler's IInd law). 


Therefore, the speed of the earth is more at the perihelion than at the aphelion. 


Q. 27 What is the angle between the equatorial plane and the orbital plane of 
(a) polar satellite? 
(b) geostationary satellite? 

Ans. Consider the diagram where plane of geostationary and polar satellite are shown. 


Plane of 
a polar 
satellite 






Plane of a 
geostationary satellite 


Clearly 
(a) Angle between the equatorial plane and orbital plane of a polar satellite is 90°. 
(b) Angle between equatorial plane and orbital plane of a geostationary satellite is 0°. 
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Short Answer Type Questions 


Q. 28 Mean solar day is the time interval between two successive noon when 
sun passes through zenith point (meridian). 


Sidereal day is the time interval between two successive transit of a 
distant star through the zenith point (meridian). 


By drawing appropriate diagram showing the earth’s spin and orbital 
motion, show that mean solar day is 4 min longer than the sidereal day. 
In other words, distant stars would rise 4 min early every successive day. 


Ans. Consider the diagram below, the earth moves from the point P to Q in one solar day. 
Q 


One 
solar day 


P 


Every day the earth advances in the orbit by approximately 1°. Then, it will have to rotate by 
361° (which we define as 1 day) to have the sun at zenith point again. 
361° corresponds to 24 h. 


1° corresponds to £ x 1= 0.066h = 3.99 min =4 min 


Hence, distant stars would rise 4 min early every Successive day. 


Q. 29 Two identical heavy spheres are separated by a distance 10 times their 
radius. Will an object placed at the mid-point of the line joining their 
centres be in stable equilibrium or unstable equilibrium? Give reason for 
your answer. 


@ Thinking Process 


To determine the nature of equilibrium, we have to displace the object through a small 
distance, from the middle point and then force will be calculated in displaced position. 


Ans. Letthe mass and radius of each identical heavy sphere be M and R respectively. An object 
of mass m be placed at the mid-point P of the line joining their centres. 


Force acting on the object placed at the mid-point, 
GMm 


~ (RY 

The direction of forces are opposite, therefore net force acting on the object is zero. 

To check the stability of the equilibrium, we displace the object through a small distance x 
towards sphere A. 


T-" 2 
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Now, force acting towards sphere A, F, = a 
(5R — x) 

Force acting towards sphere B, f = a 5 
(5R + x) 


As F,'>F,', therefore a resultant force (F,’—F,') acts on the object towards sphere A, 
therefore object start to move towards sphere A and hence equilibrium is unstable. 


Q. 30 Show the nature of the following graph for a satellite orbitting the 
earth. 
(a) KE versus orbital radius R 
(b) PE versus orbital radius R 
(c) TE versus orbital radius R 


Ans. Consider the diagram, where a satellite of mass m, moving around the earth in a circular 
orbit of radius R. 





Orbital speed of the satellite orbitting the earth is given byv, = = 
where, M and R are the mass and radius of the earth. 
(a) ~. KE of a satellite of mass m, E, = små = zm x E 
Ep & l 1 
KER Ek 


It means the KE decreases exponentially with radius. 
The graph for KE versus orbital radius R is shown in figure. 


wy 


(b) Potential energy of a satellite Ep = — = | Fé 
E» œ — 2 a 
P R P 
The graph for PE versus orbital radius R is shown in figure. 
GMm  GMm 





(c) Total energy of the satellite E =E, + Ep = 
2R R a 
_ GMm A 
= 2R 
The graph for total energy versus orbital radius R is shown in 


the figure. 


Note We should keep in mind that Potential Energy (PE) and Kinetic Energy (KE) of the 
satellite-earth system is always negative. 


M ~<— 
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Q. 31 Shown are several curves [fig. (a), (b), (c), (d), (e), (f)]. Explain with 
reason, which ones amongst them can be possible trajectories traced by 
a projectile (neglect air friction). 


e 


(d) (e) è 


(f) 
Ans. The trajectory of a particle under gravitational force of the earth will be a conic section 


(for motion outside the earth) with the centre of the earth as a focus. Only (c) meets this 
requirement. 


Note The trajectory of the particle depends upon the velocity of projection. Depending 
upon the magnitude and direction of velocity it may be parabolic or elliptical. 


Q. 32 An object of mass m is raised from the surface of the earth to a height 
equal to the radius of the earth, that is, taken from a distance R to 2R 
from the centre of the earth. What is the gain in its potential energy? 

Ans. Consider the diagram where an object of mass mis raised from the surface of the earth to 

a distance (height) equal to the radius of the earth (A). 
Earth 


Potential energy of the object at the surface of the earth = — aa 


PE of the object at a height equal to the radius of the earth = — u 


2R 
—GMm GMm 
Ro (- R 
—GMm+2GMm _ 7 GMm 

2R © 2R 
_ gR* xm 1 


—mgR --GM = gR? 
OR p9 ( gR*) 


Gain in PE of the object = 
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Q. 33 A mass m is placed at P a distance h along the normal through the centre 
O of a thin circular ring of mass M and radius r (figure). 


If the mass is moved further away such that OP becomes 2h, by what 
factor the force of gravitation will decrease, if h =r ? 


Ans. Consider the diagram, in which a system consisting of a ring and a point mass is shown. 


Gravitational force acting on an object of mass m, placed at point P at a distance h along the 


normal through the centre of a circular ring of mass M and radius r is given by 


GMmh 
F = (2 + hP? (along PO) w(i) 


When mass is displaced upto distance 2h, then 
E GMm x 2h be h =2F 
2GMmh 7 
= — (ii) 


(° 4 Ane? 





When A =r, then from Eq.(i) 











F GMm xr F GMm 
ao ea 2 
(rE + rE) 242r 
and F= ee z= GU oE (ii) substitutingh=A 
aar 5| 5r? 
F Av2 
F 5/5 
O2 , 


=> Pie 
5/5 
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Long Answer Type Questions 


Q. 34 A star like the sun has several bodies moving around it at different 
distances. Consider that all of them are moving in circular orbits. Let r 
be the distance of the body from the centre of the star and let its linear 
velocity be v, angular velocity œ, kinetic energy K, gravitational 
potential energy U, total energy E and angular momentum l. As the 
radius r of the orbit increases, determine which of the above quantities 
increase and which ones decrease. 


Ans. The situation is shown in the diagram, where a body of mass mis revolving around a star of 


mass M. N 
Linear velocity of the body v= ae 

7 

a 
_, a T| > 
JT m 

Therefore, when r increases, v decreases. 
Angular velocity of the body O= = Star 


According to Kepler's law of period, 
rap = Faire 


OT | B OT 
a 2 => Den E <. O = — 


where k is a constant 


Therefore, when r increases, œ decreases. 
Kinetic energy of the body K = l mv? = m . GM = GMm 
2 2 r 2r 


K œ 1 
: 
Therefore, when r increases, KE decreases. 
Gravitational potential energy of the body, 
GMm 1 
U =—-—— > Ua«-- 
f r 
Therefore, when r increases, PE becomes less negative i.e., increases. 


Total energy of the body E=KE+FEs — + - amm) =— i 


Therefore, when r increases, total energy becomes less negative, i.e., increases. 


Angular momentum of the body L = mvr = mr, a = mMV/GMr 
r 
Læ ar 


Therefore, when r increases, angular momentum L increases. 
Note In this case, we have not considered the sun-object system as isolated and the force 
on the system is not zero. So, angular momentum is not conserved. 
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Q. 35 Six point masses of mass m each are at the vertices of a regular hexagon 
of side l. Calculate the force on any of the masses. 


@ Thinking Process 


To calculate resultant force, we will apply principle of superposition i.e., net force will be 
equal to sum of individual forces by each point mass fmn). 


Ans. Consider the diagram below, in which six point masses are placed at six vertices 
A,B,C,D,E and F. 





AC = AG + GC =2AG 
= 2lcos 30° = 21/3 /2 
= /31 = AE 
AD = AH + HJ + JD 
= Isin30°+ l + lsin30° =21 


| Gmm 
Force on mass mat A due to mass mat Bis, f, = Fa along AB. 


Gmxm Gm? 


Har 3r 





Force on mass mat A due to mass matC is, f, = along AC. 


F. AC = V30 


2 
me a aeng ie A= 








Force on mass mat A due to mass mat Dis, f, = 





ele 4P 
2 
Force on mass mat A due to mass mat E is, f = ill — = -l along AE. 
(V3)? 3l 


Gmxm Gm? 


Force on mass mat A due to mass mat F is, f = P 2 along AF. 








2 


Resultant force due to f, and f is, F, = Jff + f + 2ff,cos120° = = along AD. 


[~ Angle between 4, and f, = 120° 
Resultant force due to f, and f is, F, = mA + fe + 2ff, cos 60° 

















J3Gm* Gm? 
= = along AD. 
EVs ol i 
Gm Gm Gm? Gmr ( 1 r) 
So, net force along AD = A + F, + Fa = —— + + = —— | 1+ — +). 
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Q. 36 A satellite is to be placed in equatorial geostationary orbit around the 
earth for communication. 


(a) Calculate height of such a satellite. 
(b) Find out the minimum number of satellites that are needed to cover 
entire earth, so that atleast one satellite is visible from any point on 


the equator. 





[M =6 x10% kg, R =6400 km, T =24hħh, G = 6.67 x 107! SI unit] 


Ans. Consider the adjacent diagram 
Given, mass of the earth M = 6 x 10% kg 


Radius of the earth, R = 6400 km = 64 x 10° m 
Time period T = 24h 
= 24 x 60 x 60= 86400s 
G = 667 x 10° '' N-m? /kg? 














3 
(a) Time period ee, Cy, en 
GM R+h Vo 
3 2 
e r alien) (R + ny = OM 
GM An 
2 1/3 2 1/3 
e aano FSH) z n= (SS) -R 
4r 
2 ap 24 1/3 
= ha (24 x 60 x 60) — x6 x10 64x10 
4 x (3.14) 


= 4,23 x 10” — 6.4 x 10° 
= (42.3 — 6.4) x 10 

= 35.9 x 10 m 

= 3.59 x 10m 


(b) If satellite is at height h from the earth’s surface, then according to the diagram. 
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| 1 











R 
cosĝ = = = 
R+h +7) 3.59 x 10’ 
1+ 
R 6.4 x 10° 
=o |__| 64513 cos81%18 
1+ 5.61 6.61 
0 = 81°18" 


K 20=2 216 lo) = 1627260" 

If n is the number of satellites needed to cover entire the earth, then 
_ 360° 360° 
= 20 162°36’ 

Minimum 3 satellites are required to cover entire the earth. 








Q. 37 Earth's orbit is an ellipse with eccentricity 0.0167. Thus, the earth’s 
distance from the sun and speed as it moves around the sun varies from 
day-to-day. This means that the length of the solar day is not constant 
through the year. Assume that the earth's spin axis is normal to its 
orbital plane and find out the length of the shortest and the longest 
day. A day should be taken from noon to noon. Does this explain 
variation of length of the day during the year? 


@ Thinking Process 


As the earth orbits the sun, the angular momentum is conserved and areal velocity is 
constant. 


Ans. Consider the diagram. Let m be the mass of the earth, Vas Va be the velocity of the earth at 
perigee and apogee respectively. Similarly, œ, and œ, are corresponding angular 
velocities. 


p 





Angular momentum and areal velocity are constant as the earth orbits the sun. 





At perigee, r% ©p = if @, at apogee _..(i) 
If a is the semi-major axis of the earth's orbit, then n = a(1—e)andr, = a(1+ e) (ii) 
(69) 
L = f 2 e) ‚& = 00167 [from Eqs. (i) and (ii)] 
Oa 1-e 
(69) 
— = 1.0691 
(69) 


a 
Let œ be angular speed which is geometric mean of œ, and œ, and corresponds to mean 


solar day, 
Op Oo 
— || — |= 1.0691 
lta 


a 
O Wz 
If œ corresponds to 1° per day (mean angular speed), then œ, = 1.034 per day and œ, = 0.967° 
per day. Since, 361° = 24, mean solar day, we get 361.034° which corresponds to 24 h, 8.14” 
(8.1” longer) and 360.967° corresponds to 23 h 59 min 52” (7.9” smaller). 


This does not explain the actual variation of the length of the day during the year. 
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Q. 38 A satellite is in an elliptic orbit around the earth with aphelion of 6R and 
perihelion of 2R where R=6400 km is the radius of the earth. Find 
eccentricity of the orbit. Find the velocity of the satellite at apogee and 
perigee. What should be done if this satellite has to be transferred to a 
circular orbit of radius 6R? 


[G = 6.67 x 107 1! SI unit and M =6 x 10% kg] 


Ans. Given, h = radius of perihelion = 2R 
f, = radius of apnelion = 6R 
Hence, we can write 
fr, =a(l1+e)=6R (I) 
p =a(1-e)=2R ...(ii) 


Solving Eqs. (i) and (ii), we get 


A 1 
eccentricity, € = 5 


By conservation of angular momentum, angular momentum at perigee = angular momentum 


at apogee 

Myf = Waly 
Ya 1 
V 3 


where mis mass of the satellite. 
Applying conservation of energy, energy at perigee = energy at apogee 


1 > GMm 1 > GMm 

Vv, n = -MV - 

2 hp 2 I, 
where M is the mass of the earth. 


V 
v?(1-4)= -26m LOSE e eee (By putting v, = => 
9 D i D G 3 


1/2 
san3- 1] i E n We 
In ha R \2 6 


V = = 


pum E 


1/2 
2 E aM) = [2M _ esskm/s 
8/9 R 4 R 
Vo = 685km/s, Va =228km/s 
V, = orbital velocity = |= 
For r=6F,V, = Acad = 323 km/s. 
6R 


Hence, to transfer to a circular orbit at apogee, we have to boost the velocity by 
A = (3.23 — 2.28) = 0.95 km/s. This can be done by suitably firing rockets from the satellite. 




















For circular orbit of radius r, 
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Properties of Solids 


Multiple Choice Questions (IMCQs) 


Q. 1 Modulus of rigidity of ideal liquids is 
(a) infinity (b) zero 
(c) unity (d) some finite small non-zero constant value 


Ans. (b) No frictional (viscous) force exists in case of ideal fluid, hence, tangential forces are 
zero so there is no stress developed. 


Q. 2 The maximum load a wire can withstand without breaking, when its length 
is reduced to half of its original length, will 
(a) be double (b) be half (c) be four times (d) remain same 
Breaking force 
Area of cross-section 





Ans. (d) We knowthat, Breaking stress = 


When length of the wire changes, area of cross-section remains same. 
Hence, breaking force will be same when length changes. 


Q. 3 The temperature of a wire is doubled. The Young's modulus of elasticity 
(a) will also double (b) will become four times 
(c) will remain same (d) will decrease 
Ans. (d) We know that with increase in temperature length of a wire changes as 
L,=L, (1+ a AT) 
where AT is change in the temperature, Lọ is original length, a is coefficient of linear 
expansion and L, is Length at temperature T. 


Now we can write AL=L,-L,=L,aAl 
where a is coefficient of linear expansion. 
CSS: Fle Fle 1 








Young's modulus (Y) = — = = y 
Strain AxAL AL, aAT AT 


AS, Y œ ai 
AT 


When temperature increases AT increases, hence, Y decreases. 
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Q. 4 A spring is stretched by applying a load to its free end. The strain 
produced in the spring is 
(a) volumetric (b) shear 
(c) longitudinal and shear (d) longitudinal 
Ans. (c) Consider the diagram where a spring is stretched by applying a 


load to its free end. Clearly the length and shape of the spring 
changes. 


The change in length corresponds to longitudinal strain and 
change in shape corresponds to shearing strain. 


Load 


Q. 5 A rigid bar of mass M is supported symmetrically by three wires each of 
length /. Those at each end are of copper and the middle one is of iron. 
The ratio of their diameters, if each is to have the same tension, is equal to 

Y. 





(D Toapper en (b) en 
Topper 
2 
(c) i iron (d) ite 
x copper Veena: 
Ans. (6) We know that Young’s modulus 
yee FIA psy E 
Strain AL/L AL 
F L 4 FL 


See S 

mt (D/2) AL n DEAL 

= p? = AFL +. p=- | 4 FL 
nm ALY TALY 


As F and = are constants. 
AL 


Hence, D œ F 
T 


D copper _ | iron 


i 


iron copper 








Now, we can find ratio as 


Q. 6 A mild steel wire of length 2L and cross-sectional area A is stretched, well 
within elastic limit, horizontally between two pillars (figure ). A mass m is 
suspended from the mid-point of the wire. Strain in the wire is 





2 
X 


oP 
@ Thinking Process 


We will assume the vertical displacement x to be very small compared to L. . Change 
in the length will be calculated by difference of final total length and initial length 2L. 


(a) (b) ‘ (©) x2/L (d) x2/2L 
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Ans. (a) Consider the diagram below 





Hence, change in length 
AL = BO + OC - (BD + DC) 
= 2BO - 2BD (7 BO=O0C, BD= DC) 
= 2 [BO — BD] 
= 21 (x? ie 2y? = 


yi2 
z 1425] zq 





2 2 
aii Prg L] 
2 2 
E E a 
w ar 


Q. 7 A rectangular frame is to be suspended symmetrically by two strings of 
equal length on two supports (figure ). It can be done in one of the 
following three ways; 


(a) (b) (c) 


The tension in the strings will be 


(a) the same in all cases (b) least in (a) 
(c) least in (b) (d) least in (c) 
Ans. (c) Consider the FBD diagram of the rectangular frame 
T sin @ T sin @ 
T T 
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Balancing vertical forces 2/7 sin @- mg = 0 [7 is tension in the string] 
= 2T sin 0 = mg (I) 
Total horizontal force =7 cos 8-7 cos 8=0 
, mg 
Now from Eq. (i), = 
a 2 sin 8 

As mg is constant 
=> T œ aie > Ias C 

sin 0 2 sin Omin 


No option matches with © = 0° 
MQ 
Ton = — ~ 
m ASN Or 
SIN Ona =1 => 98=90° 
Matches with option (b) 
Hence, tension is least for the case (b). 


Note We should be careful when measuring the angle, it must be in the direction as 
given in the diagram. 


(since, sin Omax = 1) 


Q. 8 Consider two cylindrical rods of identical dimensions, one of rubber and 
the other of steel. Both the rods are fixed rigidly at one end to the roof. A 
mass M is attached to each of the free ends at the centre of the rods. 

(a) Both the rods will elongate but there shall be no perceptible change in shape 


(b) The steel rod will elongate and change shape but the rubber rod will only 
elongate 

(c) The steel rod will elongate without any perceptible change in shape, but the 
rubber rod will elongate and the shape of the bottom edge will change to an 
ellipse 

(d) The steel rod will elongate, without any perceptible change in shape, but the 
rubber rod will elongate with the shape of the bottom edge tapered to a tip at 
the centre 


Ans. (d) Consider the diagram. 


A mass M is attached at the centre. As the mass is attached to both the rods, both rod 
will be elongated, but due to different elastic properties of material rubber changes 
shape also. 


Z, Steel 


Rubber 
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Multiple Choice Questions (More Than One Options) 


Q. 9 The stress-strain graphs for two materials are shown in figure. (assume 
same scale) 






Ultimate tension 
strength 





Ultimate tension 
strength 





Linear 
limit 


Fracture point 








| Fracture point 





Stress 
Stress 


Strain E 
material (i) material (il) 


Strain 


SS 


a 
b 
C 


d 


@ Thinking Process 
We have to compare ultimate tensile strength for each material. Material having 
more ultimate tensile strength will be elastic over larger region. 


Ans. (c, d) 
It is clear from the two graphs, the ultimate tensile strength for material (ii) is greater, hence 
material (ii) is elastic over larger region as compared to material (i). 


For material (ii) fracture point is nearer, hence it is more brittle. 


Material (ii) is more elastic than material (i) and hence material (ii) is more brittle 
Material (i) and (ii) have the same elasticity and the same brittleness 
( 
( 


—S 


Material (ii) is elastic over a larger region of strain as compared to (i) 
Material (ii) is more brittle than material (i) 


( 
( 
( 
( 


xwe ē Sr 


Q. 10 A wire is suspended from the ceiling and stretched under the action of a 
weight F suspended from its other end. The force exerted by the ceiling 
on its is equal and opposite to the weight. 

(a) Tensile stress at any cross-section A of the wire is F/A 
(b) Tensile stress at any cross-section is zero 
(c) Tensile stress at any cross-section A of the wire is 2F/ A 
(d) Tension at any cross-section A of the wire is F 
Ans. (a, d) 
As shown in the diagram 
Clearly, forces at each cross-section is F. 





A 
F 
Now applying formula, Stress = ue = Ee 
Area A 


Tension =Applied force =F 
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Q. 11 A rod of length / and negligible mass is suspended at its two ends by two 
wires of steel (wire A) and aluminium (wire B) of equal lengths (figure ). 


The cross-sectional areas of wires A and B are 1.0 mm* and 2.0 mm‘, 


Im? On. —2 
respectively. (Ya =70x10°Nm “ andY.., = 200x 10°Nm “) 
A B 
Steel Al 
m 
(a) Mass m should be suspended close to wire A to have equal stresses in both the 
wires 


(b) Mass m should be suspended close to B to have equal stresses in both the wires 


(c) Mass m should be suspended at the middle of the wires to have equal stresses in 
both the wires 


(d) Mass m should be suspended close to wire A to have equal strain in both wires 


Ans. (b, d) 
Let the mass is placed at x from the end B. 





Let 7, and 7, be the tensions in wire A and wire B respectively. 
For the rotational equilibrium of the system, 





paw 0) (Total torque = 0) 
=> Tax — T, (I- x) =0 
> CW a À 
Ta xX 
o T, 
Stress in wire A=S, = — 
An 
Tp 


Stress in wire B = Sẹ = — 
ap 


where a, and a, are cross-sectional areas of wire A and B respectively. 
By question ag =2 a, 





Now, for equal stress S4 =9p 
e aE _, Beea 
aa ap Ta aa 
= 8 = 24 
X X 
=> eee = AE 
3 3 


Hence, mass m should be placed closer to B. 
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For equal strain, (strain), = (strain), 
Y Y 
5 a (where Y, and Y; are Young modulii) 
Sa 9B 
= Tasa — Ya 
Tyla, Tg / ag 
200x10? 2x 20 2x 
=> = => = 
70 x 10° l-x 7 l-x 
= e 
7 I-x 
> V7x=10 = = 1 
17 
l-x=l- n = L 
17 17 
Hence, mass m should be placed closer to wire A. 
Q. 12 For an ideal liquid, 
(a) the bulk modulus is infinite (b) the bulk modulus is zero 
(c) the shear modulus is infinite (d) the shear modulus is zero 
Ans. (a, d) 
As an ideal liquid is not compressible. 
Hence, change in volume, AV = 0 


Stress F/A LF V o 
Volume strain AV/V A AV 


Compressibility, K = 1 = = = 0 
B œ 





Bulk modulus B= 


As there is no tangential (viscous) force exists in case of an ideal fluid, hence, shear 
modulus = 0. 


Q. 13 A copper and a steel wire of the same diameter are connected end to 
end. A deforming force F is applied to this composite wire which causes 
a total elongation of 1 cm. The two wires will have 
(a) the same stress (b) different stress (c) the same strain (d) different strain 


Ans. (a, d) 
Consider the diagram where a deforming force F is applied to the combination. 


Stress F/A 
For steel wire, Yoea = rae Saar 








Copper Steel 
wire wire 
where F is tension in each wire and A is cross-section area of each wires. 
As F and A are same for both the wire, hence, stress will be same for both the wire. 


Stress Stress 
(Strain) <2.) =—— (Strain) copper a 
steel Teoppai 
AS, Y steel = Yeopper 


Hence, the two wires will have differents strain. 


Mechanical Properties of Solids 151 


Very Short Answer Type Questions 


Q. 14 The Young’s modulus for steel is much more than that for rubber. For the 
Same longitudinal strain, which one will have greater tensile stress? 
stress 


Ans. Young's modulus (Y) = —————_ 
Longitudinal strain 





For same longitudinal strain, Y oc stress 
ae (SUCSS) me ‘) 
Tibie (st ress) rubber 
But Yeteel > uber 
SES] 
Tribe 


Therefore, from Eq. (i), 


(StreSS ee) z] 


(Stress) ober 





=> (StFESS) 25) > (Stress) ubber 


Q. 15 Is stress a vector quantity? 
Magnitude of internal reaction force 
Area of cross - section 
Therefore, stress is a scalar quantity not a vector quantity. 





Ans. Stress = 


Q. 16 Identical springs of steel and copper are equally stretched. On which, 
more work will have to be done? 


Ans. Work done in stretching a wire is given by W = ZF x Al 


[where F is applicd force and Al is extension in the wire] 
As springs of steel and copper are equally stretched. Therefore, for same force (F), 


W œ Al (1) 
Young’s modulus (Y) = a x Ea = A= E x i 
A Al A Y 
As both springs are identical, Al œ 5 (il) 
From Eas. (i) and (ii), we get W < 
Wetec Yoopper 
Weapger Veal a eee 
= Wetec = Weopper 


Therefore, more work will be done for stretching copper spring. 


Q. 17 What is the Young’s modulus for a perfect rigid body? 


Ans. Young's modulus (Y) = A x Ex 


Al 
For a perfectly rigid body, change in length Al = O 
Fl 
Y=—x—=0 
A O0 


Therefore, Young’s modulus for a perfectly rigid body is infinite (o0). 
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Q. 18 What is the Bulk modulus for a perfect rigid body? 
Ans. Bulk modulus (iis pV 


C AV/V AV 
For perfectly rigid body, change in volume AV = 0 
K= pY = 00 
0 


Therefore, bulk modulus for a perfectly rigid body is infinity (co). 


Q. 19 A wire of length L and radius r is clamped rigidly at one end. When the 
other end of the wire is pulled by a force f, its length increases by J. 
Another wire of the same material of length 2L and radius 2r, is pulled by 
a force 2f. Find the increase in length of this wire. 


@ Thinking Process 


In this problem, we have to apply Hooke's law and then elongation in each wire will 
be compared. 


Ans. The situation is shown in the diagram. 








Now, Young's modulus (Y) = L x 
For first wire, a= (i 
uo f 
For second wire, Y= 2f - 2L 
m(2r) [' L 
| L , 
Š- ana fll 
nr? 4 ( ) | 
oL ToL AA 
From Eas. (i) and (ii), Y= x 
qs. (i) and (i m ' 
l=? 


(.. Both wires are of same material, hence, Young’s modulus will be same.) 


Q. 20 A steel rod (Y =2.0x 10! N/m? anda =10 °° °C*) of length 1 m and 


area of cross-section 1 cm* is heated from 0°C to 200° C, without being 
allowed to extend or bend. What is the tension produced in the rod? 


@ Thinking Process 


Due to increase in temperature of the rod, length, increases. The equation of 
thermal expansion for linear expansion will be applied. 


Ans. Given, Young's modulus of steel Y = 2.0 x 10'' N/m? 
Coefficient of thermal expansion a = 107° °C™! 
Length /=1m 
Area of cross-section A = 1cm* =1x 10 m? 


Increase in temperature At = 200°C — 0°C = 200°C 
Tension produced in steel rod (F) = YAaAt 
=2.0x10'' x1x10% x10° x 200 


—~4x10*N 


Mechanical Properties of Solids ies: 


Q. 21 To what depth must a rubber ball be taken in deep sea so that its volume 
is decreased by 0.1%. (The bulk modulus of rubber is 9.8x 10° N/mé; 


and the density of sea water is 10° kg/m?) 
Ans. Given, Bulk modulus of rubber (K) = 9.8 x 108 N/m? 
Density of sea water (p) = 10° kg/m? 











Percentage decrease in volume, ~ x 100) =01 = Ar = oe 
V V 100 
AV 1 
= O a 
V 1000 
Let the rubber ball be taken upto depth h. 
Change in pressure (p) = hpg 
Bulk modulus (K) = |__| - —"°9 
AV/V| (AV/V) 
1 
9.8x 10° x 
-e paS RA a OO 
Pg 10° x 9.8 


Q. 22 A truck is pulling a car out of a ditch by means of a steel cable that is 
9.1 m long and has a radius of 5 mm. When the car just begins to move, 
the tension in the cable is 800 N. How much has the cable stretched? 
(Young's modulus for steel is 2 x 10t N/mĉ) 


Ans. Length of steel cable 7 = 9.1m 
Radius r=5mm=5x10°m 
Tension in the cable F = 800N 
Young’s modulus for steel Y = 2 x 10'' N/m? 
Change in length Al =? 
PF. z l 
Young's modulus (Y) = — x— > Al=—; x% 
A Al mo Y 
800 9.1 
= = T 
3.14x (5x 10“) 2x10 


= 4.64 x10 m 





Q. 23 Two identical solid balls, one of ivory and the other of wet-clay, are 
dropped from the same height on the floor. Which one will rise to a 
greater height after striking the floor and why? 

Ans. Since, ivory ball is more elastic than wet-clay ball, therefore, ivory ball tries to regain its 

original shape quickly. Hence, more energy and momentum is transferred to the ivory ball 


in comparison to the wet clay ball and therefore, ivory ball will rise higher after striking the 
floor. 
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Q. 24 Consider a long steel bar under a tensile stress due to forces F acting at 
the edges along the length of the bar (figure ). Consider a plane making 
an angle O with the length. What are the tensile and shearing stresses 
on this plane? 


YY 


a 
(a) For what angle is the tensile stress a maximum? 
(b) For what angle is the shearing stress a maximum? 


@ Thinking Process 


To solve this question, we have to resolve the force along and perpendicular to the 
inclined plane. Now, we can easily calculate the tensile and shearing stress. 


Ans. Consider the adjacent diagram. 
Let the cross-sectional area of the bar be A. Consider the equilibrium of the plane aa’ A 


force F must be acting on this plane making an angle > — with the normal ON. Resolving F 


into components, along the plane (FP)and normal to the plane. 














Fs =F cos 8 
Fy =F sin ® 
Let the area of the face aa' be A’, then 
A , 
— =sinĝ 
A' 
,. A 
sin 0 
Teenies Normal force _ Fsin 0 
Area A' 
= cen’ a eee QQ 
A/sind A 
Shearing stress = aaa 
Area 
= rac ae 0.cos 0 
A/sind A 


F Fo. 
= — (2 sin 0. cos 8) = — sin 2 0 
2A 2A 
(a) For tensile stress to be maximum, sin? 0 = 1 
=> sino = 
=> 0= x 
2 
(b) For shearing stress to be maximum, 


sin20=1 

=> R 
2 

=> ga 
4 


Note We must not apply the formula for stress directly, forces must be resolved. 
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Q. 25 (a) A steel wire of mass u per unit length with a circular cross-section has 
a radius of 0.1 cm. The wire is of length 10 m when measured lying 
horizontal, and hangs from a hook on the wall. A mass of 25 kg is 
hung from the free end of the wire. Assuming, the wire to be uniform 
and lateral strains << longitudinal strains, find the extension in the 
length of the wire. The density of steel is 7860 kgm ° . 

(Young’s modulus Y = 2 x 10*' Nm. 


(b) If the yield strength of steel is 2.5 x 10° Nm “, what is the maximum 
weight that can be hung at the lower end of the wire? 


@ Thinking Process 


When the wire is hanging different part of the wire will be acted upon by different 
forces. To find the tension due to whole wire, consider a small element and find the 
tension there and then integrate for the whole wire. 


Ans. Consider the diagram when a small element of length dx is considered at x from the load 

















(x= D) 
(a) Let 7(x)andT (x + dx)are tensions on the two cross-sections a distance dx apart, then -- 

-T (x + dx) + T(x) =dmg = udxg (where u is the mass/length). am = 0x) 

dT = ugdx [. OT = T(x + dx) — T(x) 
5 T(x) = ugx + C (on integrating) 
PEE T — C=Mg 

T(x) =pgx + Mg 
ia the length dx at x increase by dr, then 
Young’s modulus Y = ence 
Strain 
T(x)/A _ 
dr /dx 
= dr =ZT Tx) 
dx 
= + Mg) 
> 7 ie (ugx + Mg)d 
= |e + mo] ax 
YA 
T(x) 
F MgL dmg 


(mis the mass of the wire) 
A =r x108) m? 
Y =200 x10? Nm? 
m = m x (108)? x10 x 7860 kg 


og 
1 m x10x10 o 10x10 








2x10" xn x10% 2 
= [196.5 x 10° ê + 398 x107 °]~4x10°%m 
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(b) Clearly tension will be maximum at x = L 





ae T=u 9gL+ Mg =(m+M)g Fea 
The yield force = (Yield strength Y) area = 250 x 10° x z x (107°)* =250 x nN 
At yield point T = Yield torce 
= (m+ M)g =250xn 
m= m x (107°)? x10 x 7860<<M 
Mg ~250xn 
Hence, M= ae =7o XT =79K0:; 


Q. 26 A steel rod of length 2/, cross-sectional area A and mass M is set rotating 
in a horizontal plane about an axis passing through the centre. If Y is 
the Young’s modulus for steel, find the extension in the length of the 
rod. (assume the rod is uniform) 


@ Thinking Process 


To solve this question, we have to consider a small element, find tension in the rod 
at this element and then calculate for the whole rod. 


Ans. Consider an element of width ar at ras shown in the diagram. 
Let 7(r) and T(r + dr) be the tensions at rand r + dr respectively. 


Net centrifugal force on the element = œf ram (where w is angular velocity of the rod) 
= rudr (u = mass/length) 
ae T(r) -Tr + dr) =p @*rdr 
= -dT =u o'rar 
l. Tension and centrifugal forces are opposite] 
T r =r 
- faT= [uo’rar eT =0atr=1] 
T=0 f=] 
2 
> Tip =? (2 -r?) 
2 
(A) 
7 dr — 


Let the increase in length of the element dr be Ar 
Stress T(n)/A 





SO, Young's modulus Y = 


n Ar 

Strain A oy o? (r+ dr) 
Ar T(r) po » GQ 
AL N ee 
dr A OYA | om 

2 

Ar = HO” (2 _ 2) ar 

YA 2 


2 1 
A = change in length in right part = eee fa =f Gy 
YA 2+ 


2 3 
efe 2) port 
YA/ 2 3 3YA 
Total change in length =2A =—— l 
g g BYA EKO) 
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Q. 27 An equilateral triangle ABC is formed by two Cu rods AB and BC and one 
Al rod. It is heated in such a way that temperature of each rod increases 
by AT. Find change in the angle ABC. [Coeffecient of linear expansion for 
Cu is a4, coefficient of linear expansion for Al is a] 

@ Thinking Process 


Due to increase in temperature length of each side will change, hence, the angle 
corresponding to any vertex also changes. 


Ans. Consider the diagram shown 


Let l = AB, L = AC, 1, = BC 
ee eon 
cos 0 = —~—_____+ (assume ZABC = 8) 
21, | 
=> aN a e E <1, 


Differentiating 2 (hd 4 + 4d l) cos 0 -— 2 } l sin 0d9 
=21,d4+2hdi-2LbdL 


Now, di = 4a At (where, At = change in temperature) 
di,=ha,At > di=haAt 
and L=L=1,=1 


( a, At + F a, At)cos 0 + F sin 0d0 =F a,At + Pa,At — Fa, At 





Bc k C 
sin 600 = 2 a, At (1-— cos) — a, At 
Putting 0 = 60° (for equilateral triangle) 


d9 x sin 60° = 2 a, At (1— cos 60°) — a, At 
=2a,At x 2 Q At = (q4 — a5) At 
= dð =change in the angle ZABC 
W = 5) AT 2 (amatar 
sin 60° V3 





( At = AT given) 


Q. 28 In nature, the failure of structural members usually result from large 
torque because of twisting or bending rather than due to tensile or 
compressive strains. This process of structural breakdown is called 
buckling and in cases of tall cylindrical structures like trees, the torque 
is caused by its own weight bending the structure. Thus, the vertical 
through the centre of gravity does not fall within the base. The elastic 
torque caused because of this bending about the central axis of the tree 


4 
is given by -= Y is the Young’s modulus, r is the radius of the trunk 


and R is the radius of curvature of the bent surface along the height of 
the tree containing the centre of gravity (the neutral surface). Estimate 
the critical height of a tree for a given radius of the trunk. 
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@ Thinking Process 


In this question, the elastic torque is given we have to find the torque caused by the 
weight due to bending and equate with the given value. 


Ans. Consider the diagram according to the question, the bending torque on the trunk of radius 
Ynr* 


r of the tree = —— 
4R 
where R is the radius of curvature of the bent surface. 
Yrur* 


When the tree is about to buckle Wd = TP 


If R œh, then the centre of gravity is at a height 
lx sh from the ground. 


2 
From AABC R°? =(R-d} + (S| 


if d<R, R =R” -2Rd + ih 





h? 
8R 
If œ is the weight/volume 
Ynrí aach | 
n (narh) BR [. Torque is caused by the weight] 
1/3 
= h= 2) a 
Oo 
1/3 
Hence, critical height = h = 2) eae 
Og 


Q. 29 A stone of mass m is tied to an elastic string of negligble mass and 
spring constant k. The unstretched length of the string is L and has 
negligible mass. The other end of the string is fixed to a nail at a point 
P. Initially the stone is at the same level as the point P. The stone is 
dropped vertically from point P. 


(a) Find the distance y from the top when the mass comes to rest for an 
instant, for the first time. 

(b) What is the maximum velocity attained by the stone in this drop? 

(c) What shall be the nature of the motion after the stone has reached its 
lowest point? 

@ Thinking Process 


In this problem ,the given string is elastic and there is no dissipation of energy we 
can apply conservation of mechanical energy. P 


L O 
Ans. Consider the diagram the stone is dropped from point p. A i | 
(a) Till the stone drops through a length L it will be in free fall. \ i 
After that the elasticity of the string will force it to a SHM. i l 
Let the stone come to rest instantaneously at y. “MAY bee 
The loss in PE of the stone is the PE stored in the “sJ ee 
stretched string. TAY L 


{ 
may = 5 Ky - L)? 
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= may = = ky? = kyl + > KL? => 5 hy = (KL + mgly + KL? = 0 





(kL + mg) + (kL + mg)? — kL? (kL +. mg) + 2mgkL + m?g? 


k k 


Retain the positive sign. 
(kL + mg) + 2mgkL aa 
k 
(b) In SHM, the maximum velocity is attained when the body passes, through the 
“equilibrium, position” i.e., when the instantaneous acceleration is zero. That is 
mg — kx = 0, where x is the extension from L. 
=> mg = kx 
Let the velocity be v. Then, 


U ; kx? = mg (L+ x) (from conservation of energy) 


2 








| inv =mg (L+ x)= 5 ka? 














Now, mg =kr => s= 
22 2 22 
+ mv? = mg |1 ma) ome -= mgL + UY en 
2 k 2 k k 2 k 
2.2 
| mv? =mgl+ 179 
2 Qo k 


v? =2gL+ mg*/k 
v = (2gL + mg? / k"? 
(c) When stone is at the lowest position /.e., at instantaneous distance Y from P, then 
equation of motion of the stone is 
md°y 
dt? 


Make a transformation of variables, z = us (y-—L)-g 
m 


dy k 
=mg-k(y-L) = = +< (y-L)-g=0 
dt m 





P 


It is a differential equation of second order which represents SHM. 
2 


Comparing with equation = + o°z=0 
at 
Angular frequency of harmonic motion œ = J£ 
m 
The solution of above equation will be of the type z = A cos (œt + ); where œ = J5 
m 


y=(L+ 72), A cos (at + 6) 


Thus, the stone will perform SHM with angular frequency w= /k/m about a point 
MQ 
Yo = L + “k x 
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Properties of Fluids 


Multiple Choice Questions (IMCQs) 


Q. 1 A tall cylinder is filled with viscous oil. A round pebble is dropped from 
the top with zero initial velocity. From the plot shown in figure, indicate 
the one that represents the velocity (v) of the pebble as a function of time 


(t). 
V LE | — 
P P P Ed 
(b) 


(a) 
@ Thinking Process 


When the pebble is dropped from the top, a variable force called viscous force will 
act which increases with increase in speed. And at equilibrium this velocity becomes 
constant. 


i 
(c) (d) 


Ans. (c) When the pebble is falling through the viscous oil the viscous force is 
F= Grr V 
where ris radius of the pebble, v is instantaneous speed, nis coefficient of viscosity. 


As the force is variable, hence acceleration is also variable so v-t graph will not be 


straight line.First velocity increases and then becomes constant known as terminal 
velocity. 
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Q. 2 Which of the following diagrams does not represent a streamline flow? 


ZA 


(a) (b) (c) (d) 


Ans. (d) In a streamline flow at any given point, the velocity of each passing fluid particles 
remaines constant. If we consider a cross-sectional area, then a point on the area 
cannot have different velocities at the same time, hence two streamlines of flow cannot 


cross each other. 


Q. 3 Along a streamline, 
(a) the velocity of a fluid particle remains constant 
(b) the velocity of all fluid particles crossing a given position is constant 
(c) the velocity of all fluid particles at a given instant is constant 
(d) the speed of a fluid particle remains constant 

Ans. (b) As we know for a streamline flow of a liquid velocity of each particle at a particular 
cross-section is constant, because Av = constant (law of continuity) between two 
cross-section of a tube of flow. 


Q. 4 An ideal fluid flows through a pipe of circular cross-section made of two 
sections with diameters 2.5 cm and 3.75 cm. The ratio of the velocities in 


the two pipes is 


(a)9:4 (b) 3 : 2 (c) V3 : V2 (d) V2 : 43 
Ans. (a) Consider the diagram where an ideal fluid is flowing through a pipe. 
V} Vo 
A, A> 
As given 


d, =Diameter at 1st point is 2.5. 
d, = Diameter at 2nd point is 3.75. 
Applying equation of continuity for cross-sections A, and A,. 





2 
Vv, A ms) (h 
=> — = | 
Vo A a(n) h 
375 \* d; 
J2 (375) Bee 
2.9 25 © Ne d% 
2 19 
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Q. 5 The angle of contact at the interface of water-glass is 0°, ethyl 
alcohol-glass is 0°, mercury-glass is 140° and methyliodide-glass is 30°. 
A glass capillary is put in a trough containing one of these four liquids. It 
is observed that the meniscus is convex. The liquid in the trough is 
(a) water (b) ethylalcohol (c) mercury (d) methyliodide 
Ans. (c) According to the question, the observed meniscus is of convex figure shape. Which is 


only possible when angle of contact is obtuse. Hence, the combination will be of 
mercury-glass (140°) 


convex 


Y 440° 


mercury 


Multiple Choice Questioins (More Than One Options) 


Q. 6 For a surface molecule, 


(a) the net force on it is zero 

(b) there is a net downward force 

(c) the potential energy is less than that of a molecule inside 

(d) the potential energy is more than that of a molecule inside 

Ans. (6, d) 
Consider the diagram where two molecules of a liquid are shown. One is well inside the 
liquid and other is on the surface. The molecule (A) which is well inside experiences equal 
forces from all directions, hence net force on it will be zero. 


And molecules on the liquid surface have some extra energy as it Surrounded surraind by 
only lower half side of liquid molecules. 





Q. 7 Pressure is a scalar quantity, because 


(a) it is the ratio of force to area and both force and area are vectors 
b) it is the ratio of the magnitude of the force to area 

c) it is the ratio of the component of the force normal to the area 
d) it does not depend on the size of the area chosen 


( 
( 
( 
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Ans. (b, c) 
Pressure is defined as the ratio of magnitude of component of the force normal to the area 
and the area under consideration. 


As magnitude of component is considered, hence, it will not have any direction. So, 
pressure is a scalar quantity. 


Q. 8 A wooden block with a coin placed on its top, floats in water as shown in 
figure. 


„~ COin 





The distance / and h are shown in the figure. After sometime, the coin falls 
into the water. Then, 
(a) l decreases (b) h decreases (c) l increases (d) h increases 


@ Thinking Process 


When any body floats in a liquid, the upthrust force acting on the body due to the 
displaced liquid is balanced by its weight. 


Ans. (a,b) 
When the coin falls into the water, weight of the (block + coin) system decreases, which was 
balanced by the upthrust force earlier. As weight of the system decreases, hence upthrust 
force will also decrease which is only possible when / decreases. 
As [decreases volume of water displaced by the block decreases, hence h decreases. 


Note As the coin falls into water, it displaces some volume of water which is very less 
hence, we neglect volume of the coin. 


Q. 9 With increase in temperature, the viscosity of 


(a) gases decreases (b) liquids increases 
(c) gases increases (d) liquids decreases 
For liquids coefficient of viscosity, c —= 
q y n JT 
i.e., with increase in temperature n decreases. 
For gases coefficient of viscosity, ‘ear 


i.e., with increase in temperature n increases. 


Q. 10 Streamline flow is more likely for liquids with 


(a) high density (b) high viscosity 
(c) low density (d) low viscosity 
Ans. (b, c) 


Streamline flow is more likely for liquids having low density. We know that greater the 
coefficient of viscosity of a liquid more will be velocity gradient hence each line of flow can 
be easily differentiated. Also higher the coefficient of viscosity lower will be Reynolds 
number, hence flow more like to be streamline. 
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Very Short Answer Type Questions 


Q. 11 Is viscosity a vector? 
Ans. Viscosity is a property of liquid it does not have any direction, hence it is a scalar quantity. 


Q. 12 Is surface tension a vector? 


Ans. No, surface tension is a scalar quantity. 


, Work done 
Surface tension = ———————., where work done and surface area both are scalar 
Surface area 


quantities. 


Q. 13 Iceberg floats in water with part of it submerged. What is the fraction of 
the volume of iceberg submerged, if the density of ice is 
p; = 0.917 g cm”? 
Ans. Given, density of ice (Pise ) = 0.917g /cm? 
Density of water (p „) = 1 g/cm? 
Let V be the total volume of the iceberg and V’ of its volume be submerged in water. 
In floating condition. 
Weight of the iceberg = Weight of the water displaced by the submerged part by ice 
VP iced = V'Pw9 
or ha =e = eld = 0.917 (.. Weight=mg=vpg) 
V py 1 


Q. 14 A vessel filled with water is kept on a weighing pan and the scale 
adjusted to zero. A block of mass M and density p is suspended by a 
massless spring of spring constant k. This block is submerged inside into 
the water in the vessel. What is the reading of the scale? 


Ans. Consider the diagram, 
The scale is adjusted to zero, therefore, when the block suspended to a spring is immersed 
in water, then the reading of the scale will be equal to the thrust on the block due to water. 
Thrust = weight of water displaced 
= Vp „g (where V is volume of the block and p ,, is density of water) 
= Tong =| — mng 


P 
mass m 


(~ Density of the block p = = 
volume V 


) 








Mechanical Properties of Fluids 165 


Q. 15 A cubical block of density p is floating on the surface of water. Out of its 
height L, fraction x is submerged in water. The vessel is in an elevator 
accelerating upward with acceleration a. What is the fraction immersed? 


@ Thinking Process 


As the elevator is accelerating upward the net acceleration of the block with respect 
to the elevator can be calculate by the concept of pseudo force. 
Ans. Consider the diagram. 
Let the density of water be p„ and a cubical block of ice of side L Elevator 
be floating in water with x of its height (L) submerged in water. 
Volume of the block (V) = L’ 
Mass of the block (m) = Vp = L°p 
Weight of the block = mg = L°pg 
1st case 
Volume of the water displaced by the submerged part of the 
block = xL’ 
Weight of the water displaced by the block 
In floating condition, x L’p ,, g 
Weight of the block = Weight of the water displaced by the block 
Mog = xl pg 





or a 
L Pw 
2nd case 
When elevator is accelerating upward with an acceleration a, then effective acceleration 
=(g +a) (.. Pseudo force is downward) 
Then, weight of the block =m(g +a) 
= Lp (g + a) 


Let x, fraction be submerged in water when elevator is accelerating upwards. 
Now, in the floating condition, weight of the block = weight of the displaced water 

L’p(g + a)=(x,L*)p,(g + a) 
i E 

L w 

From 1st and 2nd case, 
We see that,the fraction of the block submerged in water is independent of the acceleration 
of the elevator. 


Note We should not confuse with the concept of pseudo force, i.e, pseudo force is 
downward, hence fraction will change due to increased force. 
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Short Answer Type Questions 


Q. 16 The sap in trees, which consists mainly of water in summer, rises in a 
system of capillaries of radius r =2.5x 10° m. The surface tension of 
sap is T = 7.28 x 107° Nm™ and the angle of contact is 0°. Does surface 
tension alone account for the supply of water to the top of all trees? 

Ans. Given, radius (r) = 2.5 x 10™® m 

Surface tension (S) = 7.28 x 107° N/m 
Angle of contact (0) = 0° 
The maximum height to which sap can rise in trees through capillarity action is given by 
25 COS 8 
T nctinseciaiak 
rpg 
2x728 x10“ xcos0° 
= E E TA 3 = 0.6 mM 
20x107 2110 x98 
This is the maximum height to which the sap can rise due to surface tension. Since, many 


trees have heights much more than this, capillary action alone cannot account for the rise of 
water in all trees. 


where S=Surface tension, p =Density, r=Radius 


Q. 17 The free surface of oil in a tanker, at rest, is horizontal. If the tanker 
starts accelerating the free surface will be titled by an angle 0. If the 
acceleration isa ms“, what will be the slope of the free surface? 


@ Thinking Process 


As the tanker starts accelerating, free surface of the tanker will not be horizontal 
because pseudo force acts. 


Ans. Consider the diagram where a tanker is accelerating with acceleration a. 


dma cos 8 





Consider an elementary particle of the fluid of mass dm. 

The acting forces on the particle with respect to the tanker are shown above . 

Now, balancing forces (as the particle is in equilibrium) along the inclined direction 
component of weight = component of pseudo force dmgsin8 =dmacos#@ (we have 
assumed that the surface is inclined at an angle ©) where, dma is pseudo force 

> gsin 0 =a cos 0 

5 a= g tan 0 


= tan 0 = = -slope 
g 
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Q. 18 Two mercury droplets of radii 0.1 cm and 0.2 cm collapse into one single 
drop. What amount of energy is released? The surface tension of mercury 
T =435.5x 10° Nm™. 
@ Thinking Process 


In this process, conservation of mass will be applied. Before and after collapse, mass 
and hence, volume of the system remains conserved. 


Ans. Consider the diagram. 
Radii of mercury droplets n =01cm=1x10° m 


n =0.2cm=2 x10 m 


Surface tension (T) = 435.5 x 108 N/m 
Let the radius of the big drop formed by collapsing be R. 


“Volume of big drop = Volume of small droplets h I, 
4 OR? = Aar? + Ar 
3 3 3 

or e, 


= (0.1)? + (0.2)° IT Collapse 
= 0.001 + 0.008 
= 0.009 R 
or R = 0.21cm =21x10° m 
<. Change in surface area AA = 4nR* — (4r? + Anrh) 
= 4n[R* — (7 + 5 )] 
Energy released = /- AA ( where T is surface tension of mercury) 


=T x 4n[R® — (rê + 5 )] 
= 435.5 x10° x 4 x 314[(2.1 x 10°) 
~(1x10° + 4x10°)] 
= 435.5 x 4 x 314[4.41 — 5] x 10° x 10° 
= — 32.23x10’ (Negative sign shows absorption) 
Therefore, 3.22 x 10° J energy will be absorbed. 


Note In this process, energy is not conserved. Energy is Ist due to the collapsing, in 
the form of radiations. 


Q. 19 If a drop of liquid breaks into smaller droplets, it results in lowering of 
temperature of the droplets. Let a drop of radius R, break into N small 
droplets each of radius r. Estimate the drop in temperature. 


Ans. When a big drop of radius R, breaks into N droplets each of radius r, the volume remains 


constant. 
y Volume of big drop = N xVolume of each small drop 
IR =Nx am 
$ 3 
or R =Nr° 
R? 
or N= 
E 
Now, change in surface area = 4rR° — NAnr® 
= 4n(R* — Nr*) 


Energy released = T x AA =S x 4n(R* — Nr*) [T = Surface tension] 
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Due to releasing of this energy, the temperature is lowered. 
If p is the density and s is specific heat of liquid and its temperature is lowered by A90, then 
energy released = msA@ [s = specific heat A9 = change in temperature] 


T x 4n(R? - NP) =(F<R9 <p [sao [sm = vp = Sah 


2 ape 
En je ae 


S mh?p xs 
_ 37) Rf _ NÉ 
ps] R? R? 
ap Seer 


oS R- R’ 


O3 1 
p ps f 7 
Q. 20 The surface tension and vapour pressure of water at 20°C is 
7.28 x 107 Nm~ and 2.33 x 10° Pa, respectively. What is the radius of 
the smallest spherical water droplet which can form without evaporating 
at 20°C? 
Ans. Given, surface tension of water 
(S) =7.28 x 10° N/m 


Vapour pressure ( p) = 2.33 x 10° Pa 


The drop will evaporate, if the water pressure is greater than the vapour pressure. 
Let a water droplet or radius R can be formed without evaporating. 
Vapour pressure = Excess pressure in drop. 





_ 28 
R 
2S 2x7.28x107 
Or == Se 
p 2.33 x10 
= 6.25x10°m 


Long Answer Type Questions 


Q. 21 (a) Pressure decreases as one ascends the atmosphere. If the density of air 
is p, what is the change in pressure dp over a differential height dh? 

(b) Considering the pressure p to be proportional to the density, find the 
pressure p at a height h if the pressure on the surface of the earth is 
Po- 

(c) If pọ =1.03 x 10° Nm“, Po = 129 kg m° and g =9.8ms“, at what 
height will be pressure drop to (1/10) the value at the surface of the 
earth? 

(d) This model of the atmosphere works for relatively small distances. 
Identify the underlying assumption that limits the model. 
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@ Thinking Process 


As we are going up in the atmosphere, thickness of the gases above us decreases 
hence, pressure also decreases. 


Ans. (a) Consider a horizontal parcel of air with cross-section A and height dh. 


|p 
dh 
p+dp i 


Let the pressure on the top surface and bottom surface be pand p + dp. If the parcel is 
in equilibrium, then the net upward force must be balanced by the weight. 


Le., (0 + dp)A — pA = — pgAdh (.* Weight = Density x Volume x g) 
=- p x Adhxg 
= dp = — pgdh . (p = density of air) 


Negative sign shows that pressure decreases with height. 
(b) Let o be the density of air on the surface of the earth. 
As per question, pressure œ density 








5 LOD oo 
Po Po 
=> p= u 
Po 
dp = - nee pdh [- do = -pgoh 
O 
= ae PoI gp 
p Po 
p h 
do = Po 9 Pee r=p l 
= — = — — dh 7 _ O _ 
J p D l and ath=h,p=p 
> In = — Pod p 
Po Ps 
By removing log, p= pe -22r 
Po 
—_Pogh 
(c) ASp=pe "° , 
=> In P. Z _ Pogh 
D R 
1 
B estion, = — 
y questi p 10% 
la 
= In| 10 |=-Po9 p 
Po Po 
= i LA 


170 NCERT Exemplar (Class XI) Solutions 











p= —~ tn L =~ Ingo = 0 
Pog 10 Pog PRY 
_ — x 2.303 [~ In (x) =2.303 log; %)] 
O 
5 
- m x z x 2.303 = 016 x 108m 
: xX J. 
= 16x10 m 
(d) We know that pxp (when 7 = constant j.e., isothermal pressure) 


Temperature (7) remains constant only near the surface of the earth, not at greater 
heights. 


Q. 22 Surface tension is exhibited by liquids due to force of attraction 
between molecules of the liquid. The surface tension decreases with 
increase in temperature and vanishes at boiling point. Given that the 
latent heat of vaporisation for water L, =540 k cal kg™*, the mechanical 
equivalent of heat J =4.2 J cal™*, density of water p, =10° kg l, 
Avagardro’s number N, =6.0 x 10°% k mole * and the molecular weight 
of water M, =10 kg for 1 k mole. 


(a) Estimate the energy required for one molecule of water to evaporate. 


1/3 
, . , M 
(b) Show that the inter-molecular distance for water is d = H x J 
A Pw 


and find its value. 

(c) 1 g of water in the vapour state at 1 atm occupies 1601cm?°. Estimate 
the inter-molecular distance at boiling point, in the vapour state. 

(d) During vaporisation a molecule overcomes a force F, assumed 
constant, to go from an inter-molecular distance d to d'. Estimate the 
value of F. 

(e) Calculate F / d, which is a measure of the surface tension. 

Ans. (a) Given , L, = 540 kcal kg” 
= 540 x 10° calkg™! = 540 x 10° x 4.2 Jkg™' 
Energy required to evaporate 1 kg of water = L, kcal 
M, kg of water requires M4 L, kcal [~ Q = mL] 


Since, there are N, molecules in M, kg of water the energy required for 1 molecule to 
evaporate is 

_ Maly 

A 
_ 18x 540 x 4.2 x 10° 
6 x 10°° 

= 90 x 18x 4.2x 10” J 
= 6.8 x10 ®]J 


U [where N, = 6x10°° = Avogadro number] 


J 


Mechanical Properties of Fluids 171 


(b) Let the water molecules to be points and are separated at distance d from each other. 


M 
Volume of N, molecule of water = ZA E V= m 
P 


Pw 


Ma 





Thus, the volume around one molecule is = 
A Pw 


The volume around one molecule is 
d? = (My / Napy) 


/ 

M, \\° 18 a 
d = = 26 3 
Na P w 6x 10> x10 


(30x10)? mesix10-° m 





(c) < 1 kg of vapour occupies volume = 1601 x 10° m’ 
.18 kg of vapour occupies 18 x 1601 x 10m’ 


6 x 10°° molecules occupies 18 x 1601 x 10-°m° 
18x 1601x107; 


“.1 molecule occupies oe 
6 x10 


Ifd is the inter- molecular distance, then 
d? =(3 x 1601 x10“) m? 
d, = (30 x 1601)"3 x 107m 
= 363 x10°'°m 
(d) Work done to change the distance from d tod, is = F@, —d) 
This work done is equal to energy required to evaporate 1 molecule. 
Fd, - d) = 6.8 x 10% 


—20 
a F- 6.8 x10 

7 68 x 107 
(60x10 °=31%10 *) 

= 2.05 x 10°''N 
—11 

(e) Surface tension = j = a o = 66x10 N/m. 
d 3x10 


Q. 23 A hot air balloon is a sphere of radius 8 m. The air inside is at a 
temperature of 60°C. How large a mass can the balloon lift when the 
outside temperature is 20°C? Assume air in an ideal gas, R =8.314 J 


mole ~™ÎK7}, 1 atm = 1.013 x 10° Pa, the membrane tension is 5 Nm ~~. 


@ Thinking Process 
Pressure inside the curved surface will be greater than of outside pressure. 


Ans. Let the pressure ne the balloon be p; and the outside pressure be œ, then excess 
pressure Is p; — P = _ 
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where, S = Surface tension 
r =radius of balloon 


Balloon 


Considering the air to be an ideal gas p,V = n;RT, where, V is the volume of the air inside the 
balloon, n; is the number of moles inside and T, is the temperature inside, and œ V=nAl, 
where V is the volume of the air displaced and n, is the number of moles displaced and J, is 
the temperature outside. 


VM. 
50. n= iis a 
RT; My 
where, M, is the mass of air inside and M, is the molar mass of air 
and i= Dy = L 
Rho Ma 


where, M, is the mass of air outside that has been displaced. If w is the load it can raise, 
then w + Mg = M,9 
= w=M,9g -Mg 
As in atmosphere 21% O, and 79% N,-is present 
. Molar mass of air 
M,=0.21x 32 + 079 x28 = 28.840. 
“.Weight raised by the balloon 





W= (Mo =M J9 
= w = May Po _ Pi g 
RAAD 4 


O l 


293 333 8 x 313 


a 3 
eee ee pan 1.013 x 10° 2x5 


8.314 


0.02884 am x 8° 
ao ISG? = x =| x 9.8 


8.314 293 333 


= 3044.2N 


wo 3044.2 


Mass lifted by the balloon = 7 x 304.42 kg. 
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of Matter 


Multiple Choice Questions (MCQs) 


Q. 1 A bimetallic strip is made of aluminium and steel (a, >@ gee): On 
heating, the strip will 
(a) remain straight 
(b) get twisted 
(c) will bend with aluminium on concave side 
(d) will bend with steel on concave side 
@ Thinking Process 
The metallic strip with higher coefficient of linear expansion (a ,,) will expand more. 


Ans. (d) As a, >asteal, aluminium will expand more. So, it should have larger radius of 
curvature. Hence, aluminium will be on convex side. 


Aluminium 





Q. 2 A uniform metallic rod rotates about its perpendicular bisector with 
constant angular speed. If it is heated uniformly to raise its temperature 
slightly 

(a) its speed of rotation increases 

(b) its speed of rotation decreases 
(c) its speed of rotation remains same 
(d) 


d 


its speed increases because its moment of inertia increases 
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Ans. (0) As the rod is heated, it expands. No external torque is acting on the system so angular 
momentum should be conserved. 


L= Angular momentum= I. = constant 
=> Lo, = 1,5 
Due to expansion of the rod J, >I, 


A I Rod 
=> u es 

o, I, 
=> O» <Q, 


So, angular velocity (speed of rotation) decreases. 


Q. 3 The graph between two temperature scales A and B is shown in figure 
between upper fixed point and lower fixed point there are 150 equal 
division on scale A and 100 on scale B. The relationship for conversion 
between the two scales is given by 


At, = 150° 


Temperature (°A) 





Atg = 100° 


O Temperature (°B) 100 
t,—-180 _ tp b ta -30 _ tg E ts—180 ty, d tg-40 ta 











(a) = = = Ta 
100 150 150 100 150 100 100 180 


Ans. (b) Itis clear from the graph that lowest point for scale A is 30° and lowest point for scale B 
is 0°. Highest point for the scale A is 180° and for scale B is 100°. Hence, correct 








relation Is 
ob Tera a a 
(UFP), —(LFP),  (UFP) — (LFP) g 
180 (FA) BY (+B) 
x Ata = 150° 
o 
= 
is 
D 
E 
= | 30 
: Temperature (°B) agi 
= tee 0 
= = 
180-30 100-0 
— 
> ASU 
150 100 


where, LFP — Lower fixed point 
UFP — Upper fixed point 
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Q. 4 An aluminium sphere is dipped into water. Which of the following is true? 
(a) Buoyancy will be less in water at 0°C than that in water at 4°C 

b) Buoyancy will be more in water at 0°C than that in water at 4°C 

Buoyancy in water at 0°C will be same as that in water at 4°C 

Buoyancy may be more or less in water at 4°C depending on the radius of the 

sphere 

@ Thinking Process 

Density of water is maximum at 4°C, this is because of anomalous expansion of 


( 
(c 
( 


) 
d) 





water. 
Ans. (a) Let volume of the sphere is V and p is its density, then we can write buoyant force 
F2V0G (g=acceleration due to gravity) 
= Pep (.. Vand g are almost constant) 
Fac _ Pac 
=> . =- 31 ( Pac >Poc) 
oc Poe 
= Fic >Foe 


Hence, buoyancy will be less in water at 0°C than that in water at 4°C. 


Q. 5 As the temperature is increased, the period of a pendulum 


(a) increases as its effective length increases even though its centre of mass still 
remains at the centre of the bob 


(b) decreases as its effective length increases even though its centre of mass still 
remains at the centre of the bob 


(c) increases as its effective length increases due to shifting to centre of mass below 
the centre of the bob 


(d) decreases as its effective length remains same but the centre of mass shifts 
above the centre of the bob 


Ans. (a) As the temperature is increased length of the pendulum increases. We know that time 


period of pendulum 7 =2n 5 


=> T «VL, as L, increases. L 
So, time period (T) also increases. 


Pendulum 


Q. 6 Heat is associated with 
(a) kinetic energy of random motion of molecules 
(b) kinetic energy of orderly motion of molecules 
(c) total kinetic energy of random and orderly motion of molecules 
( 


d) kinetic energy of random motion in some cases and kinetic energy of orderly 
motion in other 


Ans. (a) We know that as temperature increases vibration of molecules about their mean 
position increases hence, kinetic energy associated with random motion of molecules 
increases. 
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Q. 7 The radius of a metal sphere at room temperature 7 is R and the coefficient 
of linear expansion of the metal is a. The sphere heated a little by a 
temperature AT so that its new temperature is 7 + AT. The increase in the 
volume of the sphere is approximately. 

(a) 2nRa AT (b) nR*a AT 
(c) 4r R’a AT /3 (d) 4r R’a AT 


Ans. (d) Let the radius of the sphere is R. As the temperature increases radius of the sphere 
increases as shown. 


o. A. g 
Original volume V, =- nR we 
3 tu) 
Coefficient of linear expansion = a K? 
Coefficient of volume expansion = 3a ti, Zp 
1 dV 


2an = me 3 Zz / GY 

= 3a > AW =3Vact =4nR°aAT 

oa = |ncrease in the volume _ a 
x 


Q. 8 A sphere, a cube and a thin circular plate, all of same 
material and same mass are initially heated to same high temperature. 
(a) Plate will cool fastest and cube the slowest 
b) Sphere will cool fastest and cube the slowest 
Plate will cool fastest and sphere the slowest 


( 
(c 
(d 


) 
) Cube will cool fastest and plate the slowest 


@ Thinking Process 


In this problem the cooling will be in the form of radiations that is according to 
Stefan's law. Since, emissive power directly proportional to surface. Here, for given 
volume, sphere have least surface area and circular plate of greatest surface area. 


Ans. (c) Consider the diagram where all the three objects are heated to same temperature T. 


m , 
We know that density, p = = as p is same for all the three objects hence, volume 





volume 
will also be same. 
m 
m 
j T 
m 
- 
Sphere Cube Plate 


As thickness of the plate is least hence, surface area of the plate is maximum. 
We know that, according to Stefan’s law of heat loss Ha AT‘ 


where, A is surface area of for object and 7 is temperature. 


Hence, Fepheré gee Fliste 
= A sphere A cube A plate 
AS Aplate IS Maximum. 


Hence, the plate will cool fastest. 
As, the sphere is having minimum surface area hence, the sphere cools slowest. 
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Multiple Choice Questions (More Than One Options) 


Q. 9 Mark the correct options 


(a) A system X is in thermal equilibrium with Y but not with Z. The systems Y and Z 
may be in thermal equilibrium with each other. 


(b) A system X is in thermal equilibrium with Y but not with Z.The systems Y and Z 
are not in thermal equilibrium with each other. 


(c) A system X is neither in thermal equilibrium with Y nor with Z. The systems Y 
and Z must be in thermal equilibrium with each other. 


(d) A system X is neither in thermal equilibrium with Y nor with Z. The systems Y 
and Z may be in thermal equilibrium with each other. 


Ans. (6, d) 
According to question 
(2 x andy are in thermal equilibrium) 
(~ xis not in thermal equilibrium with z) 


NNN 
HoH I 
NN NIST 


Clearly, 
Hence, yandz are not in thermal equilibrium. 
(d) Given, I, # Ty 

and Lode 


We cannot say about equilibrium of Y and Z, they may or may not be in equilibrium. 


Q. 10 Gulab namuns (assumed to be spherical) are to be heated in an oven. 
They are available in two sizes, one twice bigger (in radius) than the 
other. Pizzas (assumed to be discs) are also to be heated in oven. They 
are also in two sizes, one twice bigger (in radius) than the other. All four 
are put together to be heated to oven temperature. Choose the correct 
option from the following. 

(a) Both size gulab jamuns will get heated in the same time 
(b) 

(c) Smaller pizzas are heated before bigger ones 
(d) 

Ans. (b, c) 

Smaller gulab jamuns are having least surface area hence, they will be heated first. 
As in case of smaller gulab jamun heat radiates will be less 


Smaller gulab jamuns are heated before bigger ones 


Bigger pizzas are heated before smaller 


Similarly, smaller pizzas are heated before bigger ones because they are of small surface 
areas. 
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Q. 11 Refer to the plot of temperature versus time (figure) showing the 
changes in the state if ice on heating (not to scale). Which of the 
following is correct? 


—" 
Oo 
O 





Temperature (C) ———> 


O 


tm — Time (min) 
The region AB represent ice and water in thermal equilibrium 
At B water starts boiling 


SS 


a 
b 
C 


d 
@ Thinking Process 
During phase change process, temperature of the system remains constant. 
Ans. (a, d) 


During the process AB temperature of the system is 0°C Hence, it represents phase change 
that is transformation of ice into water while temperature remains 0°C. 


BC represents rise in temperature of water from 0°C to 100°C (at C). 
Now, water starts converting into steam which is represent by CD. 


xe 


At C all the water gets converted into steam 


( 
( 
( 
( 


wo ë S~ 


C to D represents water and steam in equilibrium at boiling point 


Q. 12 A glass full of hot milk is poured on the table. It begins to cool 
gradually. Which of the following is correct? 


(a) The rate of cooling is constant till milk attains the temperature of the 
surrounding 


(b) The temperature of milk falls off exponentially with time 


(c) While cooling, there is a flow of heat from milk to the surrounding as well as 
from surrounding to the milk but the net flow of heat is from milk to the 
surrounding and that is why it cools 


(d) All three phenomenon, conduction, convection and radiation are responsible 
for the loss of heat from milk to the surroundings 


Ans. (b, c, d) 
When hot milk spread on the table heat is transferred to the surroundings by conduction, 
convection and radiation. 
According to Newton’s law of cooling temperature of the milk falls off exponentially. Heat 


also will be transferred from surroundings to the milk but will be lesser than that of 
transferred from milk to the surroundings. 
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Very Short Answer Type Questions 


Q. 13 Is the bulb of a thermometer made of diathermic or adiabatic wall? 


Ans. As diathermic walls alow exchange of heat energy between two systems and adiabatic 
walls do not, hence, diathermic walls are used to make the bulb of a thermometer. 


Q. 14 A student records the initial length /, change in temperature AT and 
change in length Al of a rod as follows 





S.No.) lm) AT (°C) Alm) 
1, 2 10 4x107 
2. 1 10 4x10 
3, 2 20 2x10% 
4, 3 10 6x107 











If the first observation is correct, what can you say about observation 2, 
3 and 4. 


l A 4x10“ i 
Ans. From the 1st observation a = -24 a = 210° °C 


> a 
LAT 2x10 


For 2nd observation Al = al AT 
=2x10° x1x10 =2 x10 “m =+ 4x10m (Wrong) 
For 3rd observation Al = alAT 
=2x10° x2 x20 = 8x10 *m#2 x10™m (Wrong) 
For 4th observation Al = alAT 
=2x10° x3x10=6x10"%m=6x10%m 
[/.e., observed value (Correct)| 





Q. 15 Why does a metal bar appear hotter than a wooden bar at the same 
temperature? Equivalently it also appears cooler than wooden bar if they 
are both colder than room temperature. 


@ Thinking Process 
According to Kirchhoff's law, good radiator are good absorbers. 


Ans. Due to difference in conductivity, metals having high conductivity compared to wood. On 
touch with a finger, heat from the surrounding flows faster to the finger from metals and so 
one feels the heat. 
similarly, when one touches a cold metal the heat from the finger flows away to the 
surroundings faster. 


Q. 16 Calculate the temperature which has numeral value on Celsius and 
Fahrenheit scale. 


Ans. Let Q be the value of temperature having same value an Celsius and Fahrenheit scale. 
Now, we can write 
eee. U 
180 100 
=. Let F=C=Q 
Q-32 Q 
180 100 








= Q ==40 C or = 40°F 
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Q. 17 These days people use steel utensiles with copper bottom. This is 
supposed to be good for uniform heating of food. Explain this effect 
using the fact that copper is the better conductor. 


Ans. As copper is a good conductor of heat as compared to steel. The steel utensils with 
copper bottom absorbs heat more quickly than steel and give it to the food in utensil. As a 
result, of it, the food in utensil is heated uniformly and quickly. 


Steel 


d Cu 


Junction 
Flame 


Short Answer Type Questions 


Q. 18 Find out the increase in moment of inertia I of a uniform rod (coefficient 
of linear expansion œ) about its perpendicular bisector when its 
temperature is slightly increased by AT. 

@ Thinking Process 


As temperature increases length of the rod also increases hence, moment of inertia 
of the rod also increases. 


Ans, Let the mass and length of a uniform rod be M and / respectively. 


2 
Moment of inertia of the rod about its perpendicular bisector. (1) = w 
E E AAAA, 
q q 
1 EET? 2 
a 
Increase in length of the rod when temperature is increased by A7, is given by 
Al=LoAT ee) 
ee M 2 M2 2 
“. New moment of inertia of the rod (T) = T Aly = o + Al +2I Al) 


As change in length Alis very small, therefore, neglecting (AJ)*, we get 


di (1° +21Al) 





[s= 
12 
M MIAL MIAl 
12 6 6 
<. Increase in moment of inertia 
2 
ar-r- oy | ME |A 
6 12 Jl 


Al =2-IaAT [Using Eq. (i)] 
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Q. 19 During summers in India, one of the common practice to keep cool is to 
make ice balls of crushed ice, dip it in flavoured sugar syrup and sip it. 
For this a stick is inserted into crushed ice and is squeezed in the palm 
to make it into the ball. Equivalently in winter in those areas where it 
snows, people make snow balls and throw around. Explain the formation 
of ball out of crushed ice or snow in the light of p-T diagram of water. 

Ans. Refer to the p-T diagram of water and double headed arrow. Increasing pressure at 0°C 


and 1 atm takes ice into liquid state and decreasing pressure in liquid state at 0°C and 
1 atm takes water to ice state. 





220 0.01 374 T(K) 


When crushed ice is squeezed, some of it melts, filling up gap between ice flakes upon 
releasing pressure. This water freezes, binding all ice flakes and making the ball more 
stable. 


Q. 20 100 g of water is supercooled to —10°C. At this point, due to some 
disturbance mechanised or otherwise some of it suddenly freezes to ice. 
What will be the temperature of the resultant mixture and how much 
mass would freeze? [S,, = 1cal / g/°C and LẸ = 80 cal / g] 


Fusion 
Ans. Given, mass of water (m) = 100 
Change in temperature AT = 0- (—10) = 10°C 
Specific heat of water (S „) = 1 cal /g/°C 


Latent heat of fusion of water L sion = 80 cal/g 
Heat required to bring water in super cooling from —10°C to 0°C, 
GQ= Ms AT 


= 100 x 1x10 = 1000 cal 
Let m gram of ice be melted. 


G = mL 
or ma a eee 
L 80 


As small mass of ice is melted, therefore the temperature of the mixture will remain OC. 


Note To find the temperature of the mixture we must go through the two steps 
(Q = ms DT) and (Q = mL ), we should not directly apply first one. 
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Q. 21 One day in the morning. Ramesh filled up 1/3 bucket of hot water from 
geyser, to take bath. Remaining 2/3 was to be filled by cold water 
(at room temperature) to bring mixture to a comfortable temperature. 
Suddenly Ramesh had to attend to something which would take some 
times, say 5-10 min before he could take bath. Now, he had two options 
(1) fill the remaining bucket completely by cold water and then attend to 
the work, (11) first attend to the work and fill the remaining bucket just 
before taking bath. Which option do you think would have kept water 
warmer? Explain 


@ Thinking Process 


We should apply logic in this problem in the context of Newton's law of cooling 
which gives a consequence about rate of fall of temperature of a body with respect 
to the difference of temperature of body and surroundings. 


Ans. The first option would have kept water warmer because according to Newton’s law of 
cooling, the rate of loss of heat is directly proportional to the difference of temperature of 
the body and the surrounding and in the first case the temperature difference is less, so, 
rate of loss of heat will be less. 


Long Answers Type Questions 


Q. 22 We would like to prepare a scale whose length does not change with 
temperature. It is proposed to prepare a unit scale of this type whose 
length remains, say 10 cm. We can use a bimetallic strip made of brass 
and iron each of different length whose length (both components) 
would change in such a way that difference between their length B 
remain constant. If a;,,=12x10°/K and apas =18x10° /K, 


what should we take as length of each strip? 


Ans. According to question l =10cm=constant at all temperatures 


iron l brass 


Let J, be length at temperature 0°C and / be the length after change in temperature of At. 


Now, we can write l =10 cm at all temperatures 


iron base 


bron (1+ Giron At) brass (1+ OprassAt) = 10 cm 


Iron 


oe Qiron = TR brass 


Lion _ 1.8 _ 3 
lass hee 2 
2 loras = 10 cm 
=> lorass = 20M and Liron 30cm 
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O 23 We would like to make a vessel whose volume does not change with 
temperature (take a hint from the problem above). We can use brass and 
iron (Bypass = 6X10” /KandB,,..., =3.55x10 °/K) to create a volume 
of 100 cc. How do you think you can achieve this? 

Ans, In the previous problem the difference in the length was constant. 


In this problem the difference in volume is constant. 
The situation is shown in the diagram. 





Let Vo» Vbo be the volume of iron and brass vessel at 0°C 
V; Vp be the volume of iron and brass vessel at A@°C, 
¥;,Yp be the coefficicnt, of volume expansion of iron and brass. 
As per question, Vo — Vbo = 100 cc = V - V; unl) 
Now, V = Vo (1+ y,A®@) 

Va = Vbo (1+ YpA0) 

Vi = Ve = (Vo — Vbo ) + AO (Vo Y; = Vbo Yb) 

Since, V; — V, = constant. 





SO, Vo Yi = Vbo Yb 
. Vo te 27% Bp _ 6x108 _ 6 
Vo Yi Sg, B 355x10° 355 
A I 
Vio = oe (il) 
Vig B00 
Solving Eqs. (i) and (il), we get 
V o = 244.9 cc 
V bo = 144.9 cc 


Q. 24 Calculate the stress developed inside a tooth cavity filled with copper 
when hot tea at temperature of 57°C is drunk. You can take body (tooth) 
temperature to be 37°C and a =1.7x10™/°C bulk modulus for copper 
=140x10° N/m?. 

Ans. Given, decrease in temperature (At) = 57 — 37 = 20°C 

Coefficient of linear expansion (a) = 1.7 x107°/°C 
Bulk modulus for copper (B) = 140 x10? N/m? 
Coefficient of cubical expansion (y) =3a =5110°/°C 


Let initial volume of the cavity be V and its volume increases by AV due to increase in 
temperature. 
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AV = y VAt 


AV 
=> — = y At | 
eo (i) 


Thermal stress produced = B x Volumetric strain 
=Bx a = BxyAt 
V 
= 140 x10? x(51x10° x20) 


= 1,428 x10? N/m” 
This is about 10° times of atmospheric pressure. 


Q. 25 A rail track made of steel having length 10 m is clamped on a railway 
line at its two ends (figure). On a summer day due to rise in temperature 
by 20° C. It is deformed as shown in figure. Find x (displacement of the 
centre) if € sea = 1.2 x 10” /° C. 

Ans. Consider the diagram. 


—— | — 


90° LH 90° 
X 


1/2(L+AL) 
Applying Pythagorus theorem in right angled triangle in figure. 


Gea) (5) r 
SiS P 
2 2 
HT) O 
= x= = jc 
2 2 
= (L+ AL)* 
4 














= 





\(2 + a2 + 2Lal)- 2 


(Al? £OLAL) 


a 


As increase in length AL is very small, therefore, neglecting (AL), we get 
ma ; x LAL (i 


But AL = Last (di) 
Substituting value of AL in Eq. (i) from Eq. (ii) 


x=- yxa at =Z La at 


=F xp x 1.2 x10 x20 


—~5x./4x1.2 x10" 


~5x2x«11x10% =011m =11cm 


Note Here we have assumed AL to be very small so that it can be neglected compared 
to L. 
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Q. 26 A thin rod having length L, at 0°C and coefficient of linear expansion a 


has its two ends maintained at temperatures 0, and 0,, respectively. 
Find its new length. 


@ Thinking Process 


When temperature of a rod varies linearly, temperature of the middle point of the 
rod can be taken as mean of temperatures at the two ends. 


Ans. Consider the diagram 


x Oe 
9- 0, + 0, 
2 


Let temperature varies linearly in the rod from its one end to other end. Let © be the 
temperature of the mid-point of the rod. At steady state, 
Rate of flow of heat, 


(20) KA (©, - 0) KA(0-8,) 





dt (Ly /2) (Ly /2) 
where, K is coefficient of thermal conductivity of the rod. 
or=> 0, -0=0-90, 
or=> aes 

2 
Using relation, L= L (1+ a 8) 


or L=L, 1+ a (25) 


Q. 27 According to Stefan's law of radiation, a black body radiates energy oT * 
from its unit surface area every second where T is the surface 
temperature of the black body and o = 5.67 x 107 W/ m‘K* is known as 
Stefan's constant. A nuclear weapon may be thought of as a ball of 


radius 0.5 m. When detonated, it reaches temperature of 10°K and can 
be treated as a black body. 


(a) Estimate the power it radiates. 


(b) If surrounding has water at 30°, how much water can 10% of the 
energy produced evaporate in 1 s? 


[S„ = 4186.0) / kg K and L, = 22.6 x 10° J/kg] 


(c) If all this energy U is in the form of radiation, corresponding 
momentum is p =U /c. How much momentum per unit time does it 
impart on unit area at a distance of 1 km? 

Ans. Given, o = 5.67 x 10° Wim’ kg 
Radius, = R = 0.5m, T=10° K 
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(a) Power radiated by Stefan’s law 
P = 0AT* = (4nR°*)T* 
= (5.67 x107 x 4 x (314) x (0.5)* x (10°) 4 
= 178 x10" J/s =1.8x10' J/s 
(b) Energy available per second, U = 1.8x 10!” J/s = 18x 10'° J/s 
Actual energy required to evaporate water = 10% of 18 x10'” J/s 
=18x10!° J/s 


Energy used per second to raise the temperature of m kg of water from 30°C to 100°C 
and then into vapour at 100°C 
= MS„ A0 + mL, = m x 4186 x (100 — 30) + m x 22.6 x 10° 
= 2.93 x 10° m+ 22.6 x 10° m =25.53 x 10° m J/s 
As per question, 25.53 x 10° m = 1.8 x 10'° 
1.8 x 10'8 


or m=———— =7.0x10° kg 
2000 x I0 


(c) Momentum per unit time, 
P = momentum 
= 6 x 10° kg-m/s* V = energy 
C = velocity of Light 


U U 18x10" 
c © 3x10 


Momentum per unit time per unit 
p 6 x108 
area p= pe ee 
AnR 4x 314 x (10°) 


> d = 47.7 Nim? [4nR* = Surface area] 





Il 


Thermodynamics 


Multiple Choice Questions (IMCQs) 


Q. 1 An ideal gas undergoes four different processes from the same initial state 
(figure). Four processes are adiabatic, isothermal, isobaric and isochoric. 
Out of 1, 2, 3 and 4 which one is adiabatic? 





(a) 4 (b) 3 (d) 1 


@ Thinking Process 


The slope of the curve for the adiabatic process will be more that is the curve will be 
steeper. Slope of p-V curve in adiabatic process =y (p/V) where as slope of is otemal 
process =—p/v 


Ans. (c) For the curve 4 pressure is constant, so this is an isobaric process. 





For the curve 1, volume is constant, so it is isochoric process. Between curves 3 and 2, 

curve 2 is steeper, so it is adiabatic and 3 is isothermal. 

Note We should be careful while deciding between isothermal and adiabatic curves 
because these curves look similar. 
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Q. 2 If an average person jogs, he produces 14.5x 10° cal/min. This is 
removed by the evaporation of sweat. The amount of sweat evaporated per 
minute (assuming 1 kg requires 580 x 10° cal for evaporation) is 

(a) 0.25 kg (b) 2.25 kg (c) 0.05 kg (d) 0.20 kg 

Ans. (a) Amount of sweat evaporated/minute 

7 Sweat produced / minute 
~ Number of calories required for evaporation / kg 
_ Amount of heat produced per minute in jogging 
E Latent heat (in cal / kg) 
145x10? 145 
~ 580x10° 580 





=0.25kg 





Q. 3 Consider p-V diagram for an ideal gas shown in figure. 


_ constant 
V 





Out of the following diagrams, which figure represents the T-p diagram? 
T T 


p 
(a) (iv) (b) (ii) (c) (iii) (d) (i) 
Ans. (c) According to the question given that pV = constant 
Hence, we can say that the gas is going through an isothermal process. 


Clearly, from the graph that between process 1 and 2 temperature is constant and the 
gas expands and pressure decreases /.€., P> < Q which corresponds to diagram (ili). 
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Q. 4 An ideal gas undergoes cyclic process ABCDA as shown in given p-V 
diagram. The amount of work done by the gas is 





Vo 3Vo 
(a) 6D Vo (b) -2 PoVo (c) +2PoVo (d) +4PoVo 
@ Thinking Process 


Work done in a process by which a gas is going through can be calculated by area of the 
p-V diagram. 
Ans. (b) Consider the p-V diagram given in the question. 
Work done in the process ABCD = area of rectangle ABCDA 
= (AB) x BC = (8Vq — Vo ) x 2P = Po) 
=2Vy.% Dp =2 5 Vo 
As the process is going anti-clockwise, hence there is a net compression in the gas. 
So, work done by the gas = —2 Po Vo. 


Q. 5 Consider two containers A and B containing identical gases at the same 
pressure, volume and temperature. The gas in container A is compressed 
to half of its original volume isothermally while the gas in container B is 
compressed to half of its original value adiabatically. The ratio of final 
pressure of gas in B to that of gas in A is 

2 
(d) pS 
y-1 


a pe 1) 
(a) 2” (b) z) (O = 
t=y 


2 
Ans. (a) Consider the p-V diagram shown for the container A (isothermal) and for container B 
(adiabatic). 





p 
Po | d 
Vo 2Vo Vo 2Vo 
V—> V — 
Container A Container B 
(Isothermal) (Adiabatic) 


Both the process involving compression of the gas. 
For isothermal process (gas A) (during 1 > 2) 

PM = PoV? 
Po (2 Vo) = Pp (Vo) 


=> 
= P2 = 2Po 
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For adiabatic process, (gas B) (during 1 > 2) 


PV," = PV?” 

= Po (2 Vo)" = P> (Voy 

2V) )’ 
7 P2 = Ga Po =(2)" Po 

0 
Y 
Hence, {Pa )8 _ Ratio of final pressure = oa 
Po) 2 Po 


where, y is ratio of specific heat capacities for the gas. 


Q. 6 Three copper blocks of masses M}, M, and M, kg respectively are brought 


into thermal contact till they reach equilibrium. Before contact, they were 
at 7T,,1,,T3 (Ti >T, >T3). Assuming there is no heat loss to the 
Surroundings, the equilibrium temperature T is (s is specific heat of 


copper) 
ar- iL mr a 
3 M, + M, + M, 
T= Mh + MoT, + M31, (d) T= Mhs + Mhs + M3135 
3 (M; + M, + M3) M; + M, + M; 


Ans. (b) Let the equilibrium temperature of the system is T. 

Let us assume that lhe 1, <I <la 

According to question, there is no net loss to the surroundings. 

Heat lost by M} = Heat gained by M} + Heat gained by M, 

> M,S(T, —1T)=M,s(f —T)+ MaS = 15) 

(where, s is specific heat of the copper material) 

T[M, + M, + M,]=M,7T, + Mih + MoT, 
-Mih + Mal + Maf} 
= M, + M, + M, 


y 


> 7 


Multiple Choice Questions (More Than One Options) 


Q. 7 Which of the processes described below are irreversible? 
(a) The increase in temperature of an iron rod by hammering it 


(b) A gas in a small container at a temperature T, is brought in contact with a big 
reservoir at a higher temperature T, which increases the temperature of the gas 

(c) A quasi-static isothermal expansion of an ideal gas in cylinder fitted with a 
frictionless piston 

(d) An ideal gas is enclosed in a piston cylinder arrangement with adiabatic walls. A 
weight w is added to the piston, resulting in compression of gas 


@ Thinking Process 


If any process can be returned back such that both, the system and the surroundings 
return to their original states, with no other change anywhere else in the universe, then 
this process is called reversible process. 
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Ans. (a, b, d) 
(a) When the rod is hammered, the external work is done on the rod which increases its 
temperature. The process cannot be retraced itself. 


(b) In this process energy in the form of heat is transferred to the gas in the small container 
by big reservoir at temperature 7,. 


(d) As the weight is added to the cylinder arrangement in the form of external pressure 
hence, it cannot be reversed back itself. 


Q. 8 An ideal gas undergoes isothermal process from some initial state 7 to 
final state f. Choose the correct alternatives. 
(a) dU =0 (b) dQ =0 (c) dQ =dU (d) dQ =dW 

Ans. (a, d) 

For an isothermal process change in temperature of the systemd7 = 0 = T = constant. 

We know that for an ideal gas dU = change in internal energy = nC, dT = 0 

[where, n is number of moles and Cy is specific heat capacity at constant volume] 
From first law of thermodynamics, 
dQ=dU + dW 
= 0+ dW > dQ = qW 


Q. 9 Figure shows the p-V diagram of an ideal gas undergoing a change of state 
from A to B. Four different parts I, II, III and IV as shown in the figure 
may lead to the same change of state. 


p 
/ 


a) Change in internal energy is same in IV and III cases, but not in | and Il 
b) Change in internal energy is same in all the four cases 

c) Work done is maximum in case | 
) 


d 
@ Thinking Process 


Internal energy is a state function and work done by the gas is a path dependent 
function.The work done in a thermodynamical process is equal to the area bounded 
between p-V curve. 


Ans. (b, c) 
Change in internal energy for the process A to B 
daUa g =NCy dT =nC (Tp - Ta) 
which depends only on temperatures at A and B. 
Work done for A to B, dW, _, , = Area under the p-V curve which is maximum for the path I. 


( 
( 
( 
( 


Work done is minimum in case II 
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Q. 10 Consider a cycle followed by an engine (figure.) p 
1 to 2 is isothermal { 2 
2 to 3 is adiabatic 
3 to 1 is adiabatic 


Such a process does not exist, because 


(a) heat is completely converted to mechanical energy in 
such a process, which is not possible 


(b) mechanical energy is completely converted to heat in this process, which is not 
possible 


(c) curves representing two adiabatic processes don’t intersect 
(d) curves representing an adiabatic process and an isothermal process don’t 
intersect 
Ans. (a, c) 
(a) The given process is a cyclic process i.e., it returns to the original state 1. 
Hence, change in internal energy dU = 0 
= dQ=dU + dW = 0+ dW =dw 


Hence, total heat supplied is converted to work done by the gas (mechanical energy) 
which is not possible by second law of thermodynamics. 


(c) When the gas expands adiabatically from 2 to 3. It is not possible to return to the same 
state without being heat supplied, hence the process 3 to 1 cannot be adiabatic. 


Q. 11 Consider a heat engine as shown in figure. Q, and Q, are heat added 
both to 7, and heat taken from T, in one cycle of engine. W is the 
mechanical work done on the engine. 


Q4 
W 
Q2 
Tp 
If W >0, then possibilities are 
(a) Q; >Q,>0 (b) Q,>Q,>0 
(c) Q2 <Q; <0 (d) Q;< 0, Q, >0 
Ans. (a, c) 
Consider the figure we can write Q, =W + Q, 
= W =Q -Q, >0 (By question) 
= 05.50 (If both Q; and Q, are positive) 


We can also, write Q, <Q, < 0 (If both Q} and Q, are negative). 
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Very Short Answer Type Questions 


Q. 12 Can a system be heated and its temperature remains constant? 


Ans. Yes, this is possible when the entire heat supplied to the system is utilised in expansion. 
i.e., its working against the surroundings. 


Q. 13 A system goes from P to Q by two different paths in the p-V diagram as 
shown in figure. Heat given to the system in path 1 is 1000 J. The work 
done by the system along path 1 is more than path 2 by 100 J. What is 
the heat exchanged by the system in path 2? 





@ Thinking Process 
We have to apply first law of thermodynamics for each path. 
Ans. For path 1, Heat given Q, = + 1000 J 
Work done = W, (let) 
For path 2, 
Work done (W, ) = (W, — 100) J 
Heat givenQ, =? 
As change in internal energy between two states for different path is same. 
AU =Q, -W, =Q, -—W, 
1000 — W, =Q, — (W, — 100) 
= Q, = 1000 — 100= 900 J 


Q. 14 If a refrigerator’s door is kept open, will the room become cool or hot? 
Explain. 
Ans. If a refrigerators door is kept open, then room will become hot, because amount of heat 
removed would be less than the amount of heat released in the room. 
Q. 15 Is it possible to increase the temperature of a gas without adding heat 
to it? Explain. 
Ans. Yes, during adiabatic compression the temperature of a gas increases while no heat is 


given to it. 
In adiabatic compression, dQ =0 
From first law of thermodynamics, dU =dQ—-—dW 
dU = -aW 
In compression work is done on the gas i.e., work done is negative. 
Therefore, dU = Positive 


Hence, internal energy of the gas increases due to which its temperature increases. 


Q. 16 Air pressure in a car tyre increases during driving. Explain. 


Ans. During, driving, temperature of the gas increases while its volume remains constant. 
So, according to Charle’s law, at constant volume (V), 
Pressure (0) « Temperature (T) 
Therefore, pressure of gas increases. 
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Short Answer Type Questions 


Q. 17 Consider a Carnot’s cycle operating between T, =500 K and T, =300 K 
producing 1 kJ of mechanical work per cycle. Find the heat transferred 
to the engine by the reservoirs. 

@ Thinking Process 
A 
The efficiency of a Carnot’s engine is n =1 — z 
, 
where, T, is temperature of the sink and Tis temperature of the source. 
Ans. Given, temperature of the source 7, = 500K 
Temperature of the sink 7, = 300K 


Work done per cycle W = 1k J= 1000 J 
Heat transferred to the engine per cycle Q, = ? 


Efficiency of a Carnot engine (n) = 1- Æ =1- oe ee 
L 500 500 5 
and n= ua 
Q 
= Ge a aed 
n (/5) 


Q. 18 A person of mass 60 kg wants to lose 5kg by going up and down a 10 m 
high stairs. Assume he burns twice as much fat while going up than 
coming down. If 1 kg of fat is burnt on expending 7000 k cal, how many 
times must he go up and down to reduce his weight by 5 kg? 


@ Thinking Process 


Potential energy(PE) of an object at height (h) is mgh. The energy in the form of fat will be 
utilised to increase PE of the person. Thus, the calorie consumed by the person in going 
up is mgh, then according to problem calorie consumed by the person in coming down 


1 
Is —meh. 
5 g 


Ans. Given, height of the stairs = h = 10 m 
Energy produced by burning 1 kg of fat = 7000 kcal 
Energy produced by burning 5 kg of fat = 5 x 7000 = 35000 kcal 
= 35 x 10 cal 


Energy utilised in going up and down one time 


= mgh + mah = =mgh 


=Š x 60x10 x 10 


~ 9000 J= 9000 _ 3000 eal 
4.2 1.4 
.. Number of times, the person has to go up and down the stairs 


35x10° _ 35x1.4x10° 


(3000/1 .4) 3000 
= 16.3 x 10° times 
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Q. 19 Consider a cycle tyre being filled with air by a pump. Let V be the 
volume of the tyre (fixed) and at each stroke of the pump AV(<<V) of air 
is transferred to the tube adiabatically. What is the work done when the 
pressure in the tube is increased from p4 to p,? 


@ Thinking Process 


There is no exchange of heat in the process, hence this can be considered as an adiabatic 
process. 
Ans. Let, volume is increased by AV and pressure is increased by Ap by an stroke. 
For just before and after an stroke, we can write 


PV," = PoV? 
= p(V + AV)’ = (p+ Ap)" (z volume is fixed) 
Y 
> pfa + Ar = a -- ma 
V p 
= pv" í +y r) ae OV * i + tp) Cr Av<<y) 
p 
=> Ss => AV= un Ap 
V P Y P 
> dV = in dp 
y P 


Yp 
V çp V 
=—| “do = —(p, - p) 
y “Pi y 
y 


Q. 20 In a refrigerator one removes heat from a lower temperature and 
deposits to the surroundings at a higher temperature. In this process, 
mechanical work has to be done, which is provided by an electric motor. 
If the motor is of 1kW power and heat transferred from —3°C to 27°C, 
find the heat taken out of the refrigerator per second assuming its 
efficiency is 50% of a perfect engine. 


@ Thinking Process 


The Carnot engine is the most efficient heat engine operating between two given 
temperature. This is why it is known as perfect engine. The efficiency of Carnot engine is 


n=1 a 
1 
Ans. Given, temperature of the source is 27°C 
> L = (27 + 273)K = 300K 
Temperature of sink T, =(-3 4+ 273)K =270K 
Efficiency of a perfect heat engine is given by 
n 270 1 
n=1- = =1- — = — 
T, 300 10 


Efficiency of refrigerator is 50% of a perfect engine 


1 1 
'=05xn=—n=— 
a m9 26 
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.. Coefficient of performance of the refrigerator 








_Q, 1-7 
re = 
—1-(1/20) 19/20 _ 
(1/20) 120 
Q 
= BW =19W TE ee 
= Q, =ß 9 l B a 


= 19x (1kW) = 19kW = 19 kJ/s. 
Therefore, heat is taken out of the refrigerator at a rate of 19 kJ per second. 


Q. 21 If the coefficient of performance of a refrigerator is 5 and operates at the 
room temperature (27°C), find the temperature inside the refrigerator. 
@ Thinking Process 


Coefficient of performance (B) of a refrigerator is ratio of quantity of heat removed per 
cycle (Q,) to the amount of work done on the refrigerator. 


Ans. Given, coefficient of performace (B) = 5 
l = (27+ 273) K = 300K, T, =? 


: T; 
Coefficient of performance (B) = —*— 
hal, 
l 
=—*— => 1500-5/,= 7, 
300 — T, 
= 67, = 1500 => T, =250K 
= T = (250 — 273)°C = — 23°C 


Q. 22 The initial state of a certain gas is (p;, V., T;). It undergoes expansion till 
its volume becomes V;. Consider the following two cases 


(a) the expansion takes place at constant temperature. 
(b) the expansion takes place at constant pressure. 
Plot the p-V diagram for each case. In which of the two cases, is the 
work done by the gas more? 
Ans. Consider the diagram p-V, where variation is shown for each process. 


(Pr, Ve, Th) 








Process 1 is isobaric and process 2 is isothermal. 
Since, work done = area under the p-V curve. Here, area under the p-V curve 1 is more . So, 
work done is more when the gas expands in isobaric process. 
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Long Answer Type Questions 


Q. 23 Consider a p-V diagram in which the path P 
followed by one mole of perfect gas in a 
cylindrical container is shown in figure. 

(a) Find the work done when the gas is taken 
from state 1 to state 2. 

(b) What is the ratio of temperature T, /T,, if 
Vo eV ee 

(c) Given the internal energy for one mole of 
gas at temperature T is (3/2)RT, find the heat supplied to the gas when 
it is taken from state 1 to 2, with V, =2YV,. 


AnS. Let pv'/2 = Constant 







1(01, Vi, Ta) 
ee constant 
2 (D2, Vo, To) 


V; Və 


K 
— K, — ——| 
P= W 

(a) Work done for the process 1 to 2, 


Vp v AV JV "2 
w=[?pdv=K aK -2K(./V, =M) 
I i N 1/2 |, ! 
=2pV,""(./V> - VV) = 20V" P/V: = VM) 


(b) From ideal gas equation, 


oV=nRT = r= PV _ PWV 























nR nR 
> p= Kev (As, oV =K) 
Kal V Kav 
Hence, h= M > h= We 
nR nR 
KV, 
hL nR CA E 
= = z = = Vy = ZV, 
Ty KNV i av, 2 ee 
nR 


(c) Given, internal energy of the gas = U = (2 Jar 
3 
AU =U, —U; ie =h) 


= : RT,(VV — 1) [eTa = V2 T from (b)] 


AW =20 v"? V -= M) 
=2pM" (2 x JV — JV) 
= 2p\4(v2 — 1) = 2RT,(W2 - 1) 
AQ = AU + AW 


= z RT,(V2 - 1) + 2RT,(V2 - 1) 


= (V2 — 1)RT7,(2 + 3/2) 


= ZJ =} 


This is the amount of heat supplied. 
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Q. 24 A cycle followed by an engine (made of one mole of perfect gas in a 
cylinder with a piston) is shown in figure. 





V 


Va = Vp Ve = Vp 
A to B volume constant, B to C adiabatic, C to D volume constant and 
D to A adiabatic 


V- =V) =2V, =2V, 
(a) In which part of the cycle heat is supplied to the engine from outside? 
(b) In which part of the cycle heat is being given to the surrounding by 
the engine? 
(c) What is the work done by the engine in one cycle? Write your answer 
in term of py, Pg, Vy? 
(d) What is the efficiency of the engine? 


(y= > for the gas), (Cy = R for one mole) 


Ans. (a) For the process AB, 
dW e=0 > dW=0 ( volume is constant) 
dQ =dU +dW =dU 
= dQ =dU = Change in internal energy. 
Hence, in this process heat supplied is utilised to increase, internal energy of the system. 
Since, p= (22) T, in isochoric process, T œp. So temperature increases with increases 
of pressure in process AB which inturn increases internal energy of the system i.e., 
dU >0. This imply that dQ > 0. So heat is supplied to the system in process AB. 


(b) For the process CD, volume is constant but pressure decreases. 
Hence, temperature also decreases so heat is given to surroundings. 


(c) To calculate work done by the engine in one cycle, we calculate work done in each part 








separately. 
Was = |, PAV = 0, Wop = fi, paV = 0 ( dV =0) 
Vo vd V k jf ae Yh 
Wc = i pdV = kf TE vi ry\e 
1 (Oc Vo — Pp Va) 
=, [pV], = 
1-y¥ B 1- y 
TO PaVa — PoVp 
Similarly, Woa = a [.. BC is adiabatic process] 
-7 


"B and C lies on adiabatic curve BC. 
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Pp Vs” = Poo” 


Ai a 
Pe = Pp ta = pal 2) =27 pg 


Similarly, Pp =2 "Pa 
Total work done by the engine in one cycle ABCDA. 
W = Wap + Waco + Won +Wpa = Wace + Wpa 
(Oc Vo — PgVa) n (Oa Va — PpYp) 
ty Py 


a z 
= ew” "Pg (2Vg) — PVs + PaVa — 2 " Pg(2Vg)] 


1 —y + —y + 
= == [haVale"*' — 1) payat = 1 


| _ 
= aa "= TO = Pa) 


213 
= 31-(2)" e- eam 


Q. 25 A cycle followed by an engine (made of one mole of an ideal gas in a 
cylinder with a piston) is shown in figure. Find heat exchanged by the 
engine, with the surroundings for each section of the cycle. [Cy = (3/2)R] 





V 
(a) AB : constant volume (b) BC : constant pressure 
(c) CD : adiabatic (d) DA : constant pressure 


@ Thinking Process 
Find amount of heat associated with each process by using first law of thermodynamics. 
Ans. (a) For process AB, 
Volume is constant, hence work done dW = 0 
Now, by first law of thermodynamics, 
dQ =dU + dW =dU + 0=daU 
=n CVvoT=nCv I,—1,) 
= SR (Ta -T,) (n=) 
3 3 
= (Rig — RT4)= 5 (PsVB — PaVa) 


Heat exchanged = : (OpVp — PaVa) 
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(b) For process BC, p = constant 
dQ =dU +dW = SRT - Tk) + Pp(Vo — Va) 


5 
5 Pp (Vo — Va) 


Heat exchanged = > Pp(Vo — Va) (.° Pg = Po and Pp = Vy) 


3 
= 5 (PMc — PgVg)+ Pg(Vo — Vg)= 


(c) For process CD, Because CD is adiabatic, dQ = Heat exchanged = 0 
(d) DA involves compression of gas from Vp to V, at constant pressure p4. 
Heat exchanged can be calculated by similar way as BC,, 


Hence, dQ = z Pa (Va — Vp). 


Q. 26 Consider that an ideal gas (n moles) is expanding in a process given by 
p= f (V), which passes through a point (V), pọ). Show that the gas is 
absorbing heat at (pọ, Vo) if the slope of the curve p= f (V) is larger 
than the slope of the adiabatic passing through (po, Vo). 

Ans. M to question, slope of the curve = f(V), where V is volume. 

Slope of p = f(V) curve at (Vo, Py) = FV) 
Slope of adiabatic at (Vy, po) = k(-y) VT! = -Y Pyo/Vo 
Now heat absorbed in the process p = f(V) 
dQ =dU + dW =nC,dT + paV (i) 


Wenn = r=(4) pV 
nR 








=> T= (ov a) 
=> dT = o [f(V) + VE'(V)]aV (ii) 
nR 
Now from Eq. (i) en nCy a+ p =n nCy + + p 
> y UET VE'(V)]+ p [from Eq. (ii)] 
= = IAV) + V FV] + F(V) [e p=F(V)] 
=> 2 = E F) + Vo FII 1%) 
C C 
= Se + |+ V) AO 
T Y 
> Fa E jru HT 
dv V= y—1 y—1 
a Yop 
p j Pot Mo) 


Heat is absorbed where K >0, when gas expands 


Hence, y Py + Vp F (V,)>0 orf’ (Vy) |- y 2| 


O 


Thermodynamics 201 


Q. 27 Consider one mole of perfect gas in a cylinder of unit Atmospheric 
cross-section with a piston attached (figure). A spring P'SSSUTS = Pa 
(spring constant k)is attached (unstretched length L) to 
the piston and to the bottom of the cylinder. Initially 
the spring is unstretched and the gas is in equilibrium. 

A certain amount of heat Q is supplied to the gas 
causing an increase of value from V, to V,. 
(a) What is the initial pressure of the system? 
(b) What is the final pressure of the system? 
(c) Using the first law of thermodynamics, write down a relation between 
Q, Par V, Vo and k. 


@ Thinking Process 


We will assume the piston is massless, hence, at equilibrium atmospheric pressure and 
inside pressure will be same. 


Ans. (a) Initially the piston is in equilibrium hence, p; = p, 





(b) On supplying heat, the gas expands from V to V 
Increase in volume of the gas = V, = V, 
As the piston is of unit cross-sectional area hence, extension in the spring 


44 — Yo 
= =V -V Area=1 
i Area Eg I 
Force exerted by the spring on the piston | i 
=F =kr=K(V = Vy) 


Hence, final pressure = D; = P} + kx 
= D; #K x(V = Vi) i p, 


(c) From first law of thermodynamics dQ = daU + dW 
If 7 is final temperature of the gas, then increase in internal energy 
dU =C, (7, -i,)=Cy U,- m) 
r= 24 -|P +k (V —“)) 4 
R R R 
Work done by the gas = pdV + increase in PE of the spring 


= p, V-V) o 


We can write, 


Now, we can write dQ = dU + dW 
=O, 0 =r V=V,)= 5 kx? 


3 
=Cy (T — 19) + Pa (VV) + 5 -V 


This is the required relation. 
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Kinetic Theory 


Multiple Choice Questions (IMCQs) 


Q. 1 A cubic vessel (with face horizontal + vertical) contains an ideal gas at 
NTP. The vessel is being carried by a rocket which is moving at a speed of 
500 m s™* in vertical direction. The pressure of the gas inside the vessel 
as observed by us on the ground 

(a) remains the same because 500 ms! is very much smaller than vm, of the gas 

(b) remains the same because motion of the vessel as a whole does not affect the 
relative motion of the gas molecules and the walls 

(c) will increase by a factor equal to (v~,, + (500)*) / v2. where V,m, was the original 
mean square velocity of the gas 

(d) will be different on the top wall and bottom wall of the vessel 

@ Thinking Process 


This phenomenon is based on the concept of relative motion that is when collision 
takes place, it is the relative velocity which changes. 


Ans. (b) As the motion of the vessel as a whole does not effect the relative motion of the gas 
molecules with respect to the walls of the vessel, hence pressure of the gas inside the 
vessel, as observed by us, on the ground remains the same. 


v = 500 m/s 
GAS 
Q. 21 mole of an ideal gas is contained in a cubical A D 
volume V, ABCDEFGH at 300K (figure). One face of the 4 A 4 
cube (EFGH) is made up of a material which totally o 2 
absorbs any gas molecule incident on it. At any given A A 
time, E rf 


(a) the pressure on EFGH would be zero 

(b) the pressure on all the faces will the equal 

(c) the pressure of EFFGH would be double the pressure on ABCD 
(d) the pressure on EFGH would be half that on ABCD 
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Ans. (d) In an ideal gas, when a molecule collides elastically with a wall, the momentum 
transferred to each molecule will be twice the magnitude of its normal momentum. 


For the face EFGH, it transfers only half of that. 


Q. 3 Boyle’s law is applicable for an 


(a) adiabatic process (b) isothermal process 
(c) isobaric process (d) isochoric process 
Ans (b) Boyle's law is applicable when temperature is constant 

|©; pV = NRT =constant 

=> pV =constant (at constant temperature) 

, 1 

L.€., px [where , O=pressure, V = volume] 
V 


So, this process can be called as isothermal process. 


Q. 4 A cylinder containing an ideal gas is in vertical position and has a piston 
of mass M that is able to move up or down without friction (figure). If the 
temperature is increased 





both p and V of the gas will change 

only p will increase according to Charles’ law 
V will change but not p 

p will change but not V 


Nr 


a 
b 
C 
(d 


Ans. (c) Consider the diagram where an ideal gas is contained in a cylinder, having a piston of 
mass M. Friction is absent. 


xr 


( 
( 
( 


xwe — 


Pa Mg/A 


A 





The pressure inside the gas will be 
P= Pa + Mg/A 
where, pa = atmospheric pressure 
A = area of cross-section of the piston. 

Mg = weight of piston 
Hence, p= constant. 
When temperature increases 
as pV = nRT => volume (V)increases at constant pressure. 
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Q. 5 Volume versus temperature graphs for a given mass of an ideal gas are 
shown in figure. At two different values of constant pressure. What can be 
inferred about relation between p, and p,? 


V(I) 


p2 

40 

30 

20 p1 

10 

100 200 300 400 500 
T(K) 
(a) p; > P> (b) p; = p> (c) P4 < P> (d) Data is insufficient 


@ Thinking Process 


To find the required relation, we have to consider slope of the V— T graph. By ideal 
gas equation, the slope of V-T curve is V/T = nR/p. This imply that greater the slope, 
smaller the pressure and vice-versa. 


Ans. (a) We know for an ideal gas, 
pV =nRT>V= [2 7 
p 


ZW _ nR 


Slope of the V -T graph, m aT [m = slope of V -t graph] 
=> m œ 1 [:.nR = constant] 
p 
1 
= p x — 
m 
P = pressure 
o m V = volume 
hence, EL 224 n = number of moles of gases 
Pə m R = gas constant 


T = temperature 
where, m, is slope of the graph corresponding to @ and similarly m, is slope 
corresponding to ps. 
=> Po<P, Of Py >p 


Q. 6 1 mole of H, gas is contained in a box of volume V = 1.00 m° at T =300 K. 


The gas is heated to a temperature of T =3000K and the gas gets 
converted to a gas of hydrogen atoms. The final pressure would be 
(considering all gases to be ideal) 

(a) same as the pressure initially (b) 2 times the pressure initially 

(c) 10 times the pressure initially (d) 20 times the pressure initially 


Ans. (d) Consider the diagram, when the molecules breaks into atoms, the number of moles 
would become twice. 
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Now, by ideal gas equation 
P = Pressure of gas, n =Number of moles 
R = Gas constant, T = Temperature 
pV =nAT 
As volume (V) of the container is constant. 


OO CO 


Ho H2 Ho 


OO OO molecules 


| 


JOJA 


H 


OOOO Atoms 
H H 


As gases breaks number of moles becomes twice of initial, son, = 2n, 





OO: pond 

Z P _ Me T, E (21) (3000) _ 20 
A T} n, (300) 

=> Pə = 201, 


Hence, final pressure of the gas would be 20 times the pressure initially. 


Q. 7 A vessel of volume V contains a mixture of 1 mole of hydrogen and 1 mole 
oxygen (both considered as ideal). Let f,(v)dv, denote the fraction of 
molecules with speed between v and (v + dv) with f, (v)dv, similarly for 
oxygen. Then, 

(a) Av) + f,(v) = f(v) obeys the Maxwell's distribution law 

(b) (v), f,(v) will obey the Maxwell’s distribution law separately 
(c) neither f (v), nor f,(v) will obey the Maxwell's distribution law 
(d) f (v) and f (v) will be the same 

Ans. (b) For a function f(v), the number of molecules n = f(v), which are having speeds between 

vandv + qv. 


For each function 4(v) and f(v), n will be different, hence each function 4(v) and f (V) will 
obey the Maxwell's distribution law separately. 


Q. 8 An inflated rubber balloon contains one mole of an ideal gas, has a 
pressure p, volume V and temperature T. If the temperature rises to 1.1 T, 
and the volume is increased to 1.05 V, the final pressure will be 


(a) 1.1 p (b) p (c) less than p (d) between p and1.1 
Ans. (d) We know for an ideal gas, pV = nRT (Ideal gas equation) 
= n = Number of moles, p = Pressure, V = Volume 
R E constant, T = Temperature 
p 


RT 
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As number of moles of the gas remains fixed, hence, we can write 





QV _ Pe Vo 
RT, RT, 
7 
i ezani] 
_ (p)(V) 01T) Pp, =p 
(1.05) V(T) V= 1.05Vand io 1.17 


=e (=| 
~P*\ 405 


= p (1.0476) ~ 1.05 p 
Hence, final pressure p, lies between p and 1.1p. 


Multiple Choice Questions (More Than One Options) 


Q. 9 ABCDEFGH is a hollow cube made of an insulator (figure) face ABCD has 
positive charge on it. Inside the cube, we have ionised hydrogen. 


The usual kinetic theory expression for pressure 


(a) will be valid 

(b) will not be valid, since the ions would experience forces other than due to 
collisions with the walls 

(c) will not be valid, since collisions with walls would not be elastic 

(d) will not be valid because isotropy is lost 


@ Thinking Process 


As ionised hydrogen is present inside the cube, they are having charge. Now, due to 
presence of positive charge on the surface ABCD hydrogen ions would experience 
forces of electrostatic nature. 


Ans. (b, d) 
Due to presence of external positive charge on the face ABCD. The usual expression for 
pressure on the basis of kinetic theory will not be valid as ions would also experience 
electrostatic forces other than the forces due to collisions with the walls of the container. Due 
to presence of positive charge the isotropy is also lost. 
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Q. 10 Diatomic molecules like hydrogen have energies due to both 
translational as well as rotational motion. From the equation in kinetic 


theory pV -í E, E ìs 


(a) the total energy per unit volume 


(b) only the translational part of energy because rotational energy is very small 
compared to the translational energy 


(c) only the translational part of the energy because during collisions with the wall 
pressure relates to change in linear momentum 

(d) the translational part of the energy because rotational energies of molecules can 
be of either sign and its average over all the molecules is zero 


Ans. (c) According to kinetic theory, we assume the walls only exert perpendicular forces on 
molecules. They do not exert any parallel force, hence there will not be any type of 
rotation present. 


The wall produces only change in translational motion. 
Hence, in the equation 
2 where P = pressure 
pka i | V = volume l 


E is representing only translational part of energy. 


Q. 11 In a diatomic molecule, the rotational energy at a given temperature 
(a) obeys Maxwell’s distribution 
(b) have the same value for all molecules 
(c) equals the translational kinetic energy for each molecule 
(d) 
Ans. (a, d) 
Consider a diatomic molecule as shown in the diagram. 
The total energy associated with the molecule is 


E =! mv? + im +im2+1 1,02 + 11,02 
2 2 2 2 2 


This above expression contains translational kinetic energy X 


is (2/3)rd the translational kinetic energy for each molecule 


1 , n. Mpe 
(zm) corresponding to velocity in each x, y and z-directions 


, | , , , 
as well as rotational KE E 1o ) associated with axis of rotations 


x and y. 

The number of independent terms in the above expression is 5. 
As we can predict velocities of molecules by Maxwells 
distribution, hence the above expression also obeys Maxwell's distribution. 

' 2 rotational and 3 translational energies are associated with each molecule. 





, l te , 
.. Rotational energy at a given temperature is Je of translational KE of each molecule. 
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Q. 12 Which of the following diagrams (figure) depicts ideal gas behaviour ? 


= constant Ne 
= constant | 
pV 
(d) 7 
Ans (a, c) 


We know that ideal gas equation is 
pV =nRT (i) 
(a) When pressure, p = constant 
From (i) volume V oc Temperature T 
(b) When T = constant 
From (i) pV = constant 
So, the graph is rectangular hyperbola. 
(c) When V = constant. 
From (i) px 
So, the graph is straight line passes through the origin. 
(d) From (i) OV œT 
=> a = constant 


> So, the graph hence, through origin. 
So, (d) is not correct. 


Q. 13 When an ideal gas is compressed adiabatically, its temperature rises the 
molecules on the average have more kinetic energy than before. The 
kinetic energy increases, 

(a) because of collisions with moving parts of the wall only 

(b) because of collisions with the entire wall 

(c) because the molecules gets accelerated in their motion inside the volume 

(d) because of redistribution of energy amongest the molecules 

@ Thinking Process 


The elastic collisions of the molecules with a moving part of two system increases 
their energy. 


Ans. (a) When the gas is compressed adiabatically, the total work done on the gas increases 
its internal energy which in turn increase the KE of gas molecules and hence, the 


collisions between molecules also increases. 
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Very Short Answer Type Questions 


Q. 14 Calculate the number of atoms in 39.4 g gold. Molar mass of gold is 


197g mole’. 


Ans. We know that, 
Molar mass = Mass of Avogadro’s number of atoms (Molecules). 
= 6. 023 x 10% atoms. 





Given, molar mass of gold = 197 g/mol 
Now, 
197 g of gold contains = 6.023 x 10° atoms 
23 
1 g of gold contain = AA atoms 
197 
23 
39.4 g of gold contains = oes < z a o atoms. 


Q. 15 The volume of a given mass of a gas at 27°C, 1 atm is 100cc. What will 
be its volume at 327°C ? 


Ans. We have to convert the given temperatures in kelvin . 
If pressure of a given mass of the gas is kept constant, then 


VæT 
V V = Volume of gas 
=> T constant 7 = Temperature of oe 
V 
, M _ ve 
h h 
r 
=> V=V 2) 
l 
T, =273+ 27 = 300K 
T, = 273 + 327 = 600K 
But V, = 100cc 
Vo = Vj S) 
300 
V, =2V, 


Vo =2 x 100 = 200cc 
Note To apply ideal gas equation, we must convert the given temperature in kelvin. 


Q. 16 The molecules of a given mass of a gas have root mean square speeds of 
100 ms™ at 27°C and 1.00 atmospheric pressure. What will be the root 
mean square speeds of the molecules of the gas at 127°C and 
2.0 atmospheric pressure? 


Ans. We know that for a given mass of a gas 
rms M 
where, R is gas constant 
T is temperature in kelvin 
M is molar mass of the gas. 


Clearly , Vimg VT 
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As R, M are constants, 





Vane } = T 
(Vms )o l 
Given, (Vms =100ms 


T, =27°C = 27 + 273 = 300K 
Ty =127°C = 127 + 273 = 400K 











< From Eg. (D 
100 — [300 V3 
Vms) V400 2 
2x100 200 
= (Vins Jo = J3 = J3 m/s 


Q. 17 Two molecules of a gas have speeds of 9x 10°ms™ and 1x 10°ms™*, 


respectively. What is the root mean square speed of these molecules. 
Ans. For molecules, we know that 








2 2 2 2 
TES Vg ae Vg oe Vg a Vs ki = root mean l 
rms n square velocity 
WNETE Via Vay Vig sti v, are individual velocities of n-molecules of the gas. 
For two molecules, 
2 2 
Vv; +v eee | 
Ving = = [Ve Vos eee v, are individual velocity | 
Given, v, =9x10°m/s 
and V, =1x10°m/s 
Oxir +0 x 10°) 
Vms = D 








ae Eee 
p 2 


my ba 
E 2 


— 182 x10" 
E 2 


= 4/41 x 10° m/s 





Q. 18 A gas mixture consists of 2.0 moles of oxygen and 4.0 moles of neon at 
temperature 7. Neglecting all vibrational modes, calculate the total 
internal energy of the system. (Oxygen has two rotational modes.) 


@ Thinking Process 


To find exact value of total energy for a given molecule of a gas, we must know the 
number of degree of freedom associated with the molecules of the gas. 


Ans. O, is a diatomic gas having 5 degrees of freedom. 


5 R = Universal gas constant 
Energy (total internal) per mole of the gas = z RT É = temperature l 


For 2 moles of the gas total internal energy = 2 x : Al =6AT (I) 
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Neon (Ne) is a monoatomic gas having 3 degrees of freedom. 
3 
“. Energy per mole = 5 RT 


We have 4 moles of Ne. 
Hence, Energy = 4 x - Ad = GRT ...(il) [Using Eqs. (i) and (ii)] 


Total energy = 5RT + 6 RT 
=s TIRT 


Q. 19 Calculate the ratio of the mean free paths of the molecules of two gases 
having molecular diameters 1A and 2A. The gases may be considered 
under identical conditions of temperature, pressure and volume. 


Ans. Mean free path of a molecule is given by 


fs 
Jan 
where, n = number of molecules/ volume 
d = diameter of the molecule 





; 1 
Now, we can write J oc — 


d2 
Given, d; =1 i d, =2A 
As l ae x and h = 
= SO, He me 
L 1 
Hence, =4: 


Short Answer Type Questions 


Q. 20 The container shown in figure has two chambers, 
separated by a partition, of volumes V, = 2.0 L and | ®” Vi | Pa V2 
V, =3.0 L . The chambers contain u, =4.0 and 
u, =5.0 mole of a gas at pressures p, = 1.00 atm and 
p, = 2.00 atm. Calculate the pressure after the partition is removed and 
the mixture attains equilibrium. 








Ans. Consider the diagram, 
Given, V =2.0L, V% =3.0L 
u4 = 40mol, u, = 5.0mol 
p = 1.00atm, p, = 2.00atm 
For chamber 1, Q, Vj =u, Rh 
For chamber 2, 05, V> =u, RT, 
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When the partition is removed the gases get mixed without any loss of energy. The mixture 
now attains a common equilibrium pressure and the total volume of the system is sum of the 
volume of individual chambers V and Vs. 

SO, H=H + ua V= V, 

From kinetic theory of gases, 


2 E = translational 
For ¿mole pV = a kinetic o 
For u; moles, pP V -Ep E, 
For u, moles, Pə Vo = E Ho E, 
3 
Total energy is ( uE + pE») = A (OVi + P-V) 
From the abvne relation, pV = - È - uE 


total — 5 er mole 
3 gP 


2 3 
p(V, + Ma Na V + Po Vo) 
p= PV + PoV 
y+ Vz 
E Ge x 2.0 + 2.00 x oa 


2.0 + 3.0 


= ae = 1.60atm 
5.0 


Q. 21 A gas mixture consists of molecules of A, B and C with masses 
m, >mg >mç. Rank the three types of molecules in decreasing order of 
(a) average KE (b) rms speeds. 


Ans. (a) The average KE will be the same, as conditions of temperature and pressure are the 
same. 


Now as, Vie (= = = 
_ [SAT _ [aT 
Ym Vim 


where, M =molar mass of the gas 
m=mass of each molecular of the gas, 
R = gas constant 
1 
Clearly, Viena OO 7 
(b) As k = Boltzmann constant 
T = absolute temperature (same for all) 
But M, >Mg >Mo> 
(Vins a < (Wiis )B < (Vins le 
~. OF (Vims le > Ving )B > (Vins JA 
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Q. 22 We have 0.5 g of hydrogen gas in a cubic chamber of size 3 cm kept at 
NTP. The gas in the chamber is compressed keeping the temperature 
constant till a final pressure of 100 atm. Is one justified in assuming the 
ideal gas law, in the final state? (Hydrogen molecules can be consider as 
spheres of radius 1 A). 


@ Thinking Process 
For justification of assuming the ideal gas law, the molecular volume and the 
volume occupied of the ideal gas is compared. If both matches, then law holds good 
otherwise not. 
Ans. Assuming hydrogen molecules as spheres of radius 1 A. 


So, r=1A= radius. 
The volume of hydrogen molecules = ; nr? 


_4 103 
= = (314) (10) 


= 4 x10 m? 
Mass 


Molecular mass 


ae 0.25 
2 


Number of moles of H, = 


Molecules of H, present =Number of moles of H, present x 6.023 x 10° 
= 0. 25x 6. 023 x 10° 


<. Volume of molecules present = Molecules number x volume of each molecule 
= 0.25 x 6.023 x 10° x 4 x10% 


= 6023 x10" x10” 


~6x10'm° (i) 
Now, if ideal gas law is considered to be constant. 
PV; = PV; 
y=|2 v=(=5 (3x 107) 
pP; 100 
_27x10° 
10° 
=2.7x10'm (ii) 


Hence, on compression the volume of the gas is of the order of the molecular volume 
[form Eq. (i) and Eq.(il)]. The intermolecular forces will play role and the gas will deviate from 
ideal gas behaviour. 


Q. 23 When air is pumped into a cycle tyre the volume and pressure of the air 
in the tyre both are increased. What about Boyle's law in this case? 


Ans. When air is pumped, more molecules are pumped and Boyle's law is stated for situation 
where number of molecules remains constant. 
In this case, as the number of air molecules keep increasing. Hence, this is a case of 
variable mass. Boyle’s law (and even Charle’s law) is only applicable in situations, where 
number of gas molecules remains fixed. 
Hence, in this case Boyle’s law is not applicable. 
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Q. 24 A balloon has 5.0 mole of helium at 7°C. Calculate 
(a) the number of atoms of helium in the balloon. 


(b) the total internal energy of the system. 


@ Thinking Process 
Energy associated with a monoatomic molecule i= kT. 


Ans. Given, number of moles of helium = 5 
T=7°C = 7 + 273 = 280K 
(a) Hence, number of atoms (He is monoatomic) 
= Number of moles xAvogadro’s number 
= 5 x 6.023 x 10°° 
= 30.015 x 10° 


= 3.0 x 10% atoms 
(b) Now, average kinetic energy per molecule = - Kel 


Here, kg = Boltzmann constant. (It has only 3 degrees of freedom) 
<. Total energy of all the atoms 
= Total internal energy 


= - kp! x number of atoms 


= 5 x1.38 x10% x 280 x 3.0 x 1074 


—-174x10°J 


Q. 25 Calculate the number of degrees of freedom of molecules of hydrogen in 
1 cc of hydrogen gas at NTP. 


@ Thinking Process 


Total number of degrees of freedom in a thermodynamical system = number of 
degrees of freedom associated per molecule x number of molecules. 


Ans. As given molecules are of hydrogen. 

z. Volume occupied by 1 mole 
= 1 mole of the gas at NIP 
= 22400mL = 22400 cc 

“. Number of molecules in 1 cc of hydrogen 
_ 6.023 x 10% 
© 22400 

H, is a diatomic gas, having a total of 5 degrees of freedom (3 translational + 2 rotational) 

.. Total degrees of freedom possesed by all the molecules 
= 5 x 2.688 x 10" 
= 1344 x 10” 

Note Any ideal gas has a molar volume of 22400 mL (cc) at NTP. 


= 2.688 x 10"? 
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Q. 26 An insulated container containing monoatomic gas of molar mass m is 
moving with a velocity v ,. If the container is suddenly stopped, find the 
change in temperature. 


@ Thinking Process 
As the container is suddenly stopped there is no time for exchange of heat in the 
process. 
Ans. According to kinetic interpretation of temperature, absolute temperature of a given sample 
of a gas is proportional to the total translational kinetic energy of its molecules. 
Hence, any change in absolute temperature of a gas will contribute to corresponding 
change in translational KE and vice-versa. 
Assuming n = number of moles. 

Given, m = molar mass of the gas. 
When, the container stops, its total KE is transferred to gas molecules in the form of 
translational KE, thereby increasing the absolute temperature. 
If AT = change in absolute temperature. 





Then, KE of molecules due to velocity v, , KE = ; (mn) vé Ò 
Increase in translational KE = ns R(AT) (il) 
According to kinetic theory Eqs. (i) and (ii) are equal 
1 2 3 
—(mn) Vv, = n= R(AT 
> > (mn) Vo > (AT) 
(mn) vé = n3R(AT) 
2 
> AT = An 
3n R 
s aT = o 
3R 


Long Answer Type Questions 


Q. 27 Explain why 


(a) there is no atmosphere on moon 
(b) there is fall in temperature with altitude 
Ans. (a) The moon has small gravitational force (pull) and hence, the escape velocity is small. 
The value of escape velocity for the moon is 4.6 km/s. 


As the moon is in the proximity of the earth as seen from the sun, the moon has the same 
amount of heat per unit area as that of the earth. 


The air molecules have large range of speeds. Even though the rms speed of the air 
molecules is smaller than the escape velocity on the moon, a significant number of 
molecules have speed greater than escape velocity and they escape. 


Now, rest of the molecules arrange the speed distribution for the equilibrium temperature. 
Again a significant number of molecules escape as their soeed exceed escape speed. 
Hence, over a long time the moon has lost most of its atmosphere. 


-23 
At 200K, vng a E 300 «7 
m OX 


Ves for moon = 4.6 km/s [Ves = escape velocity] 
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(b) As the molecules move higher; their potential energy increases and hence, kinetic 
energy decreases and hence, temperature reduces. 
At greater height more volume is available and gas expands and hence, some cooling 
takes place. 
Note We should not relate temperature directly with potential energy. It is directly 
related with kinetic energy of the molecules. 


Q. 28 Consider an ideal gas with following distribution of speeds. 





Speed (m/s) % of molecules 
200 10 
400 20 
600 40 
800 20 
1000 10 





(a) Calculate v,„„, and hence T. (m = 3.0 x 10 “° kg) 


(b) If all the molecules with speed 1000 m/s escape from the system, 
calculate new vm, and hence 7. 


@ Thinking Process 
In this problem, it is shown that cooling takes place after evaporation. 


>n, v 
Ans. (a) We know that Ving = a 


This is the rms speed for all molecules collectively. 


Èn, ve 2 


i 


= 








NOW, Vea = 
j rms 2 
f): 
f 
2 2 2 2 
= NV, + NoVo5 + NeV3 + Pa a oT + AaV in 
ye Ape ge asic + N, 





O Inv? + NoV5 + ny5 + ny4 + né 
p N,+No +Ng tg + Ng 
10 x (200)? + 20 x (400)* + 40 x 600)" + 20 x (800)* + 10 x (1000)* 


100 
= 1000 x (4+ 32 + 144 + 128 + 100) 


= ,/408 x 1000 ~ 639 m/s. 


Now, according to kinetic theory of gasses 








tea O 3) T Kg = Boltzmann constant 

aims ~ 5B m = mass of gaseous molecules 
ral Ming 1 30x10 x 408 x 10° 

3 Ki 3 1.38 x 10°73 


= 2.96 x 10° K = 296K 
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(b) If all the molecules with speed 1000 m/s escape, then 
> 10 x (200)* + 20 x (400)? + 40 x (600)? + 20 x (800) 


rms `~ 





90 
10x100? x (1x 4+2 x16+ 4x 36+ 2 x 64) 
7 90 
= 10000 x == — 342 x 1000 m e 
Vims = 584 m/s 
2 
Again p= ims 
3 k 
1 3x10 6342 210° 
a ooo .ao7 
3 1.38 x10 
=2 478 x10 
=247 .8 ~248K 


Note After escaping of molecules with speed of 1000 m/s, the temperature in part (b) 
is 248 K whereas in part (a) before escaping of molecules the temperature was 
296 K. Thus, evaporation facilitates cooling. 


Q. 29 Ten small planes are flying at a speed of 150 km/h in total darkness in 
an air space that is 20 x 20 x 1.5 km? in volume. You are in one of the 


planes, flying at random within this space with no way of knowing where 
the other planes are. On the average about how long a time will elapse 
between near collision with your plane. Assume for this rough 
computation that a saftey region around the plane can be approximated 
by a sphere of radius 10 m. 


@ Thinking Process 
To solve this problem, we have to consider the relaxation time as well as mean free path. 
Ans. The situation can be considered as the time of relaxation, based on kinetic theory of gases. 
Mean free path is the distance between two successive collisions, which we will consider 


here as the distance travelled by the plane before it just avoids the collision safe radius is 
equivalent to radius of the atom. 


Hence, the required time 


r= a l =mean free path = ee n=number density = 5 
V 


J2nd*n 


_ Number of aeroplanes(N) 
g Volume (V) 


oe ae 0.0167 km~°? 
20 x20x1.5 


(= l x Í 
JV2nd?°(N/V) v 





[v = velocity of aeroplane] 


By putting the given data, 
1 


J2 x 314 x (20)? x 0.0167 x10 x150 
7 10° 

= 1776.25 x 2.505 

— 10° 
~ 4449.5 
~225h 


= 224.74h 
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Q. 30 A box of 1.00 m? is filled with nitrogen at 1.50 atm at 300 K. The box 
has a hole of an area 0.010 mm‘. How much time is required for the 
pressure to reduce by 0.10 atm, if the pressure outside is 1 atm. 

Ans. Given, volume of the box, V = 1. 00m? 

Area = a = 0.010mm* 





= 8.01 x 10° m? No gas 
= 10° m? p= 1.5 min i Hole 
Temperature outside = Temperature inside T 
Initial pressure inside the box = 1.50 atm. 
Final pressure inside the box = 0.10 atm. Poutside = | atm 


Assuming, 

Vix = Speed of nitrogen molecule inside the box along x-direction. 

n; = Number of molecules per unit volume in a time interval of A7, all the particles at a 
distance (v,,At) will collide the hole and the wall, the particle colliding along the hole will 
escape out reducing the pressure in the box. 

Let area of the wall, number of particles colliding in time 


{ 


; is the factor because all the particles along x-direction are behaving randomly. Hence, half 


of these are colliding against the walls on either side. 


2 2 a 2 
Inside the box, Vie t Viv + Viz = Vims 
2 
2 oe Vims ie = = 
Vin = 3 (Ve SV = Vy) 


Ving = Root mean square velocity 
3 
or —MV,,, = >kpT Ks = Boltzmann constant 
2 














P, rms 
T = Temperature 
3kpT 
=> i. = A 
3kpT 
=> Vims = m 
[According to kinetic theory of gases] 
2 
New ye = Mens 1 aT 
3 3 m 
k T 
or y a 
m 


.. Number of particles colliding in time 


[kT 
A = i 2 AtA 
2 m 


If particles collide along hole, they move out. Similarly, outer particles colliding along hole 
will move in. 
If a = area of hole 


ket 
Then, net particle flow in time At = s(n - n) |= Ata 
m 


[Temperatures inside and outside the box are equal] 
pV 
V=ŅuRT > u=— 
pV = hu H = pF 
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N N 
Letn = number density of nitrogen = 4 = a E 2: 2l 
V RT V 
Let N, = Avogardro’s number 


If after time t pressure inside changes from pto p. 





nt = A 
RT 
Now, number of molecules gone out= nV — nV 
1 kel 
=—(n, —N,),{/— ta 
aM" 2) m ‘ 
ON, vN, 1 N, [Kel 
—— V-—“ V = -(Q - p,)—.,|/——ta 
RT RT T2 PART m 
BN, vN, 1 Na kel 
or py pr — — a 
RT aP Rm 
r(e A m 
P; — Po ) a \ Kgl 
Putting the values from the data given, 
= ae 1x 1.00 46.7 x107 
1.5- 1.0) 0.01x 10° | 138 x 103 x 300 
oe 
hae 
an sc =£ x105 E = 
5 4144 5 414 
=É x10 J128 


= É x 3358 x 10° = OL x10? =1343 x108 


Q. 31 Consider a rectangular block of wood moving with a velocity v, in a gas 
at temperature T and mass density p. Assume the velocity is along x-axis 
and the area of cross-section of the block perpendicular tov, is A. Show 


that the drag force on the block is 4rAv, jee where, m is the mass of 
m 


the gas molecule. 


@ Thinking Process 


If a massive body is moving with respect to a lighter body with velocity v+ v, 
then the lighter body suffers a change in momentum 2m (v + v,) which is 
transferred to the heavier body. 


Ans. Consider the diagram 


m = mass of the gas 
p = density of the gas 
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Let n= number of molecules per unit volume 
Vims = fms speed of the gas molecules 
When block is moving with speed v, , relative speed of molecules w.r.t. front face = v + v, 


Coming head on, momentum transferred to block per collision = 2m (v + v,), 
where, m = mass of molecule. 


oe tea 1 
Number of collission in time At = J (v + v, )NAtA, where, A = area of cross-section of block 


and factor of 1/2 appears due to particles moving towards block. 
.. Momentum transferred in time At = m (v + Vo)° nAAt from front surface. 


Similarly, momentum transferred in time At = m (v — Vo)*nAAt (from back surface) 


. Net force (drag force) = mnA[(v + vo)? — (V—Vo)*] [from front] 
= MNA (4W,) = (4mnAv v5 
= (4 pAv\v, (i 
where we have assumed 2 Ad 
V V 
If v = velocity along x-axis 
Then, we can write KE = ; mv? = ; kal 
Kg = Boltzmann constant 
> = Kat KE = Kinetic energy 
n T = Temperature 


KaT 
.. From Eq. (i), Drag force =(4 pAv) v} = 4pA,/—2— vo. 
m 


13 


Oscillations 


Multiple Choice Questions (MCQs) 


Q. 1 The displacement of a particle is represented by the equation 
y =3 cos z — 2t) The motion of the particle is 


(a) simple harmonic with period 2r/œ (b) simple harmonic with period n / œ 
(c) periodic but not simple harmonic (d) non- periodic 


Ans. (b) Given, y = 3cos (+ 20 


Velocity of the particle 


V a g [300s (2-20) 
dt at 4 


-J20 - sin (= — 20} 


= 6o SİN É -20t ) 
4 


Acceleration, a = a = o 60 sin É — 201 
dt at 4 


= 6o x (—2)cos (+ z 2o | = -120° cos Z -201 | 


sedo 3 cos (+ -20t | 


=> a=-4 oy 
= As acceleration, a x — y 


Hence, due to negative sign motion is SHM. 
Clearly, from the equation 





o' =? l. Standard equation y = a cos (œt +ọ)] 
On On R T 

= sious e =F [and given equation y =3cos (-2at +— )] 
T 20 @ 4 


So, motion is SHM with period “ 
(A) 
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Q. 2 The displacement of a particle is represented by the equation y = sin? œt. 


The motion is 
(a) non-periodic (b) periodic but not simple harmonic 
(c) simple harmonic with period 2z/@_ (d) simple harmonic with period m / @ 
Ans. (b) Given equation of motion is 
y=sin? ot 
= (3 sin ot — 4sin3et)/4 F. sin3 0 = 3 sin 0 — 4sin? 6] 








= y = Z (asinaot)— <(asindot) j4 
dt Lat dt 
ay 
= a = 3acos wt -4x[ 3acos3at] 
2 
= 4x X =- 30% sinot + 120sindet 
d°y 3° sinat + 120° sin3at 
= = 
dt? 4 
2 
= “2 is not proportional to y. 


Hence, motion is not SHM. 
As the expression is involving sine function, hence it will be periodic. 


Q. 3 The relation between acceleration and displacement of four particles are 
given below 


(a) a, =+ 2% ba =+ 2x7 Oa 242% (d) a 


7 =—2x 


x 


Which, one of the particle is exempting simple harmonic motion? 
Ans. (d) For motion to be SHM acceleration of the particle must be proportional to negative of 
displacement. 
|e., aœ- (yor x) 
We should be clear that y has to be linear. 


Q. 4 Motion of an oscillating liquid column in a U-tube is 
(a) periodic but not simple harmonic 

(b) non-periodic 

(c) simple harmonic and time period is independent of the density of the liquid 

(d) simple harmonic and time period is directly proportional to the density of the 

liquid 

Ans. (c) Consider the diagram in which a liquid column oscillates. In this case, restoring force 
acts on the liquid due to gravity. Acceleration of the liquid column, can be calculated in 
terms of restoring force. 


Equilibrium level 


Oscillations ate 


Restoring force f = Weight of liquid column of height 2 y 


= f=-(Ax2y xp) xg=-2Apgy [7 n= pv] 
=> f x -y > Motion is SHM with force constant k =2Apqg. 


=> Time period [= 2n |7 = 20 aD =2T £ 
k 2 Apg g 
T=2n É where L =h 
g 


Which is independent of the density of the liquid. 


Q. 5 A particle is acted simultaneously by mutually perpendicular simple 
harmonic motion x =a cosœt and y =a sin œt. The trajectory of motion 
of the particle will be 


(a) an ellipse (b) a parabola (c) a circle (d) a straight line 
@ Thinking Process 


We have to find resultant-displacement by adding x and y-components. According to 
variation of x and y , trajectory will be predicted. 


Ans. (c) Given, x = a cos ot (i) 
y = asin ot (il) 
Squaring and adding Eas. (i) and (ii), 
x? 4 y% =a? (cos*at +sin? af) 
=a? > x+y =a" l. cos? wt + sin? wt = 1] 


This is the equation. of a circle 
Clearly, the locus is a circle of constant radius a. 


Q. 6 The displacement of a particle varies with time according to the relation 
y =a sin œt +b cos ot. 
(a) The motion is oscillatory but not SHM 
(b) The motion is SHM with amplitude a + b 
(c) The motion is SHM with amplitude a? + b? 
( 


) 
d) The motion is SHM with amplitude FD 
Ans. (d) According to the question, the displacement 
y= asin œt + b cos ot 
Let a= Asin ġand b = Acos ọ 
Now, a + b* = A* sin 6+ A* cos o 
= A?=> A= a? +b? 
y = Asin 9. sin wt + Acos ọġ. cos ot 
= Asin (œt + 9) 
j = Awmcos (of + 9) 
d*y 
dt? 
ay 
dt * 
Hence, it is an equation of SHM with amplitude A = ./a* + b°. 


= — Ao? sin (of + o)=- Ayo? = (-Aw*)y 


=> oc (—y) 
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Q. 7 Four pendulums A, B, C and D are suspended from the same 





elastic support as shown in figure. A and C are of the same length, while 
B is smaller than A and D is larger than A. If A is given a transverse 
displacement, 

(a) D will vibrate with maximum amplitude 
(b) C will vibrate with maximum amplitude 
(c) B will vibrate with maximum amplitude 
(d) All the four will oscillate with equal amplitude 


Ans. (b) According to the question, Ais given a transverse displacement. 





Through the elastic support the disturbance is transferred to all the pendulums. 


A and C are having same length, hence they will be in resonance, because their time 
period of oscillation. 


Te n Jian hence, frequency is same. 
g 


So, amplitude of A and C will be maximum. 


Note In this problem, we have assumed that the support is perfectly elastic and there 
is no damping. Hence, oscillation is considered as undamped. 


Q. 8 Figure shows the circular motion of a particle. The radius of the circle, 
the period, sense of revolution and the initial position are indicated on 
the figure. The simple harmonic motion of the x-projection of the radius 
vector of the rotating particle P is 
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Ans. (a) Let angular velocity of the particle executing circular motion is œ and when it is at Q 
makes and angle ð as shown in the diagram. 


Clearly, 0 = ot 
Now, we can write OR = OQ cos (90 — 8) 
= OQ sin 0 = OQ sin ot 
=rsin ot [OG =7| 
= x =r sin ot = Bsin ot r =D] 
= Bein a =B sin (2z) 
T 30 
Clearly, this equation represents SHM. 


Q. 9 The equation of motion of a particle is x =a cos (a t)*. The motion is 

(a) periodic but not oscillatory (b) periodic and oscillatory 

(c) oscillatory but not periodic (d) neither periodic nor oscillatory 
Ans. (c) As the given equation is 

x =acos (at) 
is a cosine function. Hence, it is an oscillatory motion. 
Now, puttingt + 7 in place oft 
x(t +T)=acos [a (t + DF F x(t) = acos(at )*] 
=a cos fat? + aT? +2at T]¥x (t) 
where, T is supposed as period of the function œ (t). 
Hence, it is not periodic. 


Q. 10 A particle executing SHM has a maximum speed of 30 cm/s and a 
maximum acceleration of 60 cm/s‘. The period of oscillation is 


(a) m sec (b) sec (c) 2m sec (d) T sec 


Ans. (a) Let equation of an SHM is represented by y = asin ot 


V = ay =a @cCos ot 
dt 


=> Via =20 = 30 (I) 
2 
Acceleration (A)= ~ ao? sinoat 
Ama = 0a = 60 (ii) 
Eqs. (i) and (ii), we get oœ (wa) = 60 > o (30) = 60 
=> o=2rad/s 


> = z2 rad/s = T = nsec 


220 NCERT Exemplar (Class XI) Solutions 


Multiple Choice Questions (More Than One Options) 


Q. 11 When a mass m is connected individually to two springs S, and S,, the 
oscillation frequencies are v, and v,. If the same mass is attached to 
the two springs as shown in figure, the oscillation frequency would be 


m 
Sy 7 So 
A Ws SS 
-1 
(a) v, + V5 (b) ./v2 + v3 (c) 4 J | (dave = 


Yi- V7 
@ Thinking Process 


To solve this question, we have to find equivalent spring constant of the system when 
mass is connected in between. 


Consider the diagram, two springs can be considered as parallel. 
Hence, keq = Equivalent spring constant 

=k, + kp 
Time period of oscillation of the spring block- system 


ee en Y E 
kee k, + k, 
= eee [Ky + Ko (i) 
T 27 m 


= Equivalent oscillation frequency. 
When the mass is connected to the two springs individually 


k k 
m m 
1 Ík 


EPES el) i 
aF j s (1) 


E 


Ans. (b) 
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From Eas. (i), (ii) and (iil), 


ee E r a [from Eq. (i) 
ar Lm mM 
1/2 
o 1 | 4n* vy . 4n? v5 
—2ni| 1 1 
k k 
E from Eq. (ii) = 4n°ve and from Eq. (iii), — = anè | 
m m 
a + hie = y= ve + v5 
Om 
Note Do not confuse with parallel and series combinations of springs. 
Q. 12 The rotation of earth about its axis is 
(a) periodic motion 
(b) simple harmonic motion 
(c) periodic but not simple harmonic motion 
(d) non-periodic motion 
Ans. (a, c) 
The rotation of earth about its axis is periodic because it repeats after a regular interval of 
time. 


The rotation of earth is obviously not a to and fro type of motion about a fixed point, hence 
its motion is not SHM. 


Q. 13 Motion of a ball bearing inside a smooth curved bowl, when released 
from a point slightly above the lower point is 


(a) simple harmonic motion (b) non-periodic motion 
(c) periodic motion (d) periodic but not SHM 
Ans. (a, c) 


Consider the motion of the ball inside a smooth curved bowl. 





Bowl 


For small angular displacement or slightly released motion, it can be considered as angular 
SHM. 


When the ball is at an angle of @ the restoring force (g sin 8) m acts as shown. 





ma = mg sin 


> a= gsinð 
> a ee ee! [sind 0 =x/R] 
dt* a R 7 
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Hence ,motion is SHM 


=> d2x /dt® «(—x) (c.a oc — x) 
=> O=4 0 (A 
Time period T = = =n ag 
© g 


As motion is SHM, hence it must be periodic. 


Q. 14 Displacement versus time curve for a particle executing SHM is shown in 
figure. Choose the correct statements. 
(a) Phase of the oscillator is same att =O s andt =2s 
(b) Phase of the oscillator is same att =2s andt =6 s 
(c) Phase of the oscillator is same att =1s andt=7 s 
(d) Phase of the oscillator is same att =1 s andt =5s5 


lacement 


isp 


d 


I 
neg 4 ƏN ê /7 time (s) 


Ans. (6, d) 
It is clear from the curve that points corresponding tot =2 s andt = 6s are separated by a 
distance belongs to one time period. Hence, these points must be in same phase. 





similarly, points belong tot = 1s andt = 5 s are at separation of one time period, hence 
must be in phase. 


Q. 15 Which of the following statements is/are true for a simple harmonic 
oscillator ? 


(a) Force acting is directly proportional to displacement from the mean position 
and opposite to it 


(b) Motion is periodic 

(c) Acceleration of the oscillator is constant 
(d) The velocity is periodic 

@ Thinking Process 


We have to write equation for the SHM and then find out velocity as well as acceleration 
corresponding to the displacement. 


Ans. (a, b, d) 
Let the equation for the SHM is x = asin ot. 
Clearly, it is a periodic motion because it involves sine function. 


Velocity v = a = 2, (asinot) = a œ cos ot 
at at 
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Velocity is also periodic because of cosine function. 


Acceleration, aca dx =-ao'sinoat 
dt at? 
[. Acceleration is a sine function, hence cannot be constant] 
= — (œa) sinoat = - o'x 
Force, F = mass x acceleration 
=MA=-Mo°x 


Hence, force acting is directly proportional to displacement from the mean position and 
opposite to it. 


Q. 16 The displacement-time graph of a particle executing SHM is shown in 
figure. Which of the following statement is/are true ? 






displacement 


57/4 time (s) 


, T o. , 
(a) The force is zero att = A (b) The acceleration is maximum att = Ar 


(c) The velocity is maximum att = f (d) The PE is equal to KE of oscillation att = ; 


Ans. (a, b, c) 
Consider the diagram 


displacement 





From the given diagram: it is clear that 


(a) Att= a the displacement of the particle is zero. Hence, the particle executing SHM 
will be at mean position /.e., x = 0. So, acceleration is zero and force is also zero. 


(b) Att = —, displacement is maximum /.e., extreme position, so acceleration is maximum. 
4 
(c) Att = ri corresponds to mean position, so velocity will be maximum at this position. 


(d) Att = a corresponds to extreme position, so KE = 0 and PE = maximum. 
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Q. 17 A body is performing SHM, then its 
(a) average total energy per cycle is equal to its maximum kinetic energy 
(b) average kinetic energy per cycle is equal to half of its maximum kinetic energy 
(c) mean velocity over a complete cycle is equal to 2 times of its maximum 
T 


velocity 


TO O ee ; ; 
(d) root mean square velocity is — times of its maximum velocity 


V2 


Ans. (a, 6, d) 
Let the equation of a SHM is represented as x = a sin wt 
Assume mass of the body is m. 


(a) Total mechanical energy of the body at any timet is 








ere ...(i) 
2 
Kinetic energy at any instantt is 
2 
K=im = 1m] = pve S| 
2 2 at at 
= mo? a” cos” ot F x= asin ot] 
> Kax = Smo” a? =E [- for K macos ot = 1] ...(ii) 
(b) KE at any instantt is 
in a cos* of 
1 
(Kal for a cycle = ~ 2 I(cos* at). | for a cycle 
7 eel | 
2 
= La [from Eq. (ii)] 
4 =a ? 
dx 
(c) Velocity = v = of =a wcos ot 
v Vmax + Vmin 
mean 5 
= ae =O [For a complete cycle] 
V 








Oscillations Aal 


Q. 18 A particle is in linear simple harmonic motion between two points. A 
and B, 10 cm apart (figure.) take the direction from A to B as the 
positive direction and choose the correct statements. 


A O Cc B 
AO =0B =5 cm 
BC =8 cm 


(a) The sign of velocity, acceleration and force on the particle when it is 3 cm away 
from A going towards B are positive 


(b) The sign of velocity of the particle at C going towards B is negative 


(c) The sign of velocity, acceleration and force on the particle when it is 4 cm away 
from B going towards A are negative 


(d) The sign of acceleration and force on the particle when it is at points B is 
negative 


Ans. (a, c, d) 
Consider the diagram. 


re v=positive | 9 
B O C A 
(a) When the particle is 83cm away from A going towards B, velocity is towards AB i.e., 


positive. 
In SHM, acceleration is always towards mean position (O) in this case. 
Hence, it is positive. 

(b) When the particle is at C, velocity is towards B hence positive. 


(c) When the particle is 4 cm away from B going towards A velocity is negative and 
acceleration is towards mean position (O) hence negative. 


(d) Acceleration is always towards mean position (O). When the particle is at B acceleration 
and force are towards BA that is negative. 


Very Short Answer Type Questions 


Q. 19 Displacement versus time curve for a particle executing SHM is shown in 
figure. Identify the points marked at which (1) velocity of the oscillator 
is zero, (11) speed of the oscillator is maximum. 


displacement 





Ans. In SHM y-t graph, zero displacement values correspond to mean position; where velocity 
of the oscillator is maximum. 
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Whereas the crest and troughs represent extreme positions, where displacement is 
maximum and velocity of the oscillator is minimum and is Zero. Hence, 


(a) A, C, E, G are either crest or trough having zero velocity. 
(b) speed is maximum at mean positions represented by B, D, F, H points. 


Q. 20 Two identical springs of spring constant k are attached to a block of 
mass m and to fixed supports as shown in figure. When the mass is 


displaced from equilibrium position by a distance x towards right, find 


the restoring force. 


Ans. Consider the diagram in which the block is displaced right through x . 





mean position 
The right spring gets compressed by x developing a restoring force kx towards left on the 
block. The left spring is stretched by an amount x developing a restoring force kx towards 


left on the block as gven in the free body diagram of the block. 


Sooo y proosan 


Hence, total force (restoring) = (kx + kx) [~ Both forces are in same direction] 
= 2k x towards left 


Q. 21 What are the two basic characteristics of a simple harmonic motion? 


Ans. The two basic characteristics of a simple harmonic motion 


(i) Acceleration is directly proportional to displacement. 
(ii) The direction of acceleration is always towards the mean position, that is opposite to 


displacement. 
Q. 22 When will the motion of a simple pendulum be simple harmonic? 


Ans. Consider the diagram of a simple pendulum. 
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The bob is displaced through an angle 8 shown. 
The restoring torque about the fixed point O is 
T=—-—mgsine 
If 0 is small angle in radians, then sin®@ = 0 
= Tx—mg 0>T «(- 8) 
Hence, motion of a simple pendulum is SHM for small angle of oscillations. 


Q. 23 What is the ratio of maximum acceleration to the maximum velocity of a 
simple harmonic oscillator? 
@ Thinking Process 


We have to find velocity by differentiating the equation representing displacement and 
acceleration by differentiating the equation relating velocity and time. 


Ans. Letx = Asin œt is the displacement function of SHM. 
dx 
Velocity, V= m Awcos ot 
Vmax = Ao | COS af |max 
= Ao x1= œA F COS Ot). = M) 
Acceleration, a = = = — QÅ- wsinot 


= — œf Asin ot 
lana | = |(-@° A)(+1) [e (sin ota = 1] 
|anax |= @°A (i) 


From Eqs. (i) and (ii), we get 








Vmax _ OF o 
amx OA © 
a max 

> = 0 
Vmax 


Q. 24 What is the ratio between the distance travelled by the oscillator in one 
time period and amplitude? 


Ans. The diagram represents 





A O B 
m— A — 
the motion of a particle executing SHM between A and B. 
Total distance travelled while it goes from A to B and returns to A is 
= AO + OB + BO + OA 
=A+A+A+A=4A [l OA = Al 
Amplitude = OA = A 


: | | 4A 
Hence, ratio of distance and amplitude = — = 4 
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Q. 25 In figure, what will be the sign of the velocity of the point P’, which is 
the projection of the velocity of the reference particle P. P is moving in 
a circle of radius R in anti-clockwise direction. 





Ans. As the particle on reference circle moves in anti-iclockwise direction. The projection will 
move from P'to O towards left. 





Hence, in the position shown the velocity is directed from P' —> P" i.e., from right to left, 
hence sign is negative. 


Q. 26 Show that for a particle executing SHM, velocity and displacement have 
a phase difference of m / 2. 


Ans. Let us assume the displacement function of SHM 
x = acosot 
where, a =amplitude of motion 


dx 
velocity v = — 
at 


or Z Z a(-sinot)o =- o asin ot 


or v=- asinot 
T l T 
= @ acos (4 of | E Sinat = -cos| = + ot) 


Phase of velocity = i- + ot 


Now, phase of displacement = wt 


.. Difference in phase of velocity to that of phase of displacement 


= 4o = oh 
2 2 
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Q. 27 Draw a graph to show the variation of PE, KE and total energy of a 
simple harmonic oscillator with displacement. 


Ans. Potential energy (PE) of a simple harmonic oscillator is 


= kx? = moses (i 


where, k =force constant = mo? 


When, PE is plotted against displacement x, we will obtain a parabola. 
When x = 0, PE=0 
When x = + A, PE = maximum 


= —mw*A* 
2 
KE of a simple harmonic oscillator = Tm? [Vv = oA? — x°] 
2 

= =m DWA = oa 

= Z mo?(A? — x?) (ii) 
This is also parabola, if plot KE against displacement x. 
L.@., KE=Oatx=+A 
and KE = smo? A? at x = 0 
Now, total energy of the simple harmonic oscillator = PE + KE [using Eas. (i) and (ii)] 


ee LR — x7) 
2 2 


= re + Tmo A — ee 
2 2 2 
TE = me? A? 
2 
Which is constant and does not depend on x. 
Plotting under the above guidelines KE, PE and TE versus displacement x-graph as follows 


! TE = Lon = constant 


Q. 28 The length of a second’s pendulum on the surface of earth is 1 m. What 
will be the length of a second’s pendulum on the moon? 


Ans. Asecond’s pendulum means a simple pendulum having time period T =2 s. 


For a simple pendulum, lear 2 


where, Z = length of the pendulum and 
g =acceleration due to gravity on surface of the earth. 


i: -27 | aA) 
Je 
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On the surface of the moon, Taa 2n |m seat ID 


Ym 
Je 2m |k [Im 


l = T,, to maintain the second’s pendulum time period. 


j= [2.9m (ili) 
Im Qe 
But the acceleration due to gravity at moon is 1/6 of the acceleration due to gravity at earth, 
hes C2. = Je 
6 


Squaring Eq. (ili) and putting this value, 
h ge /6 — h 1 


— 2. 2 xL 
lo da lp © 
k 
= — =1 > 6b =l 
6l, m e 
1 1 | 
= l =-L =—-x1=-m 
"6° 6 


Short Answer Type Questions 


Q. 29 Find the time period of mass M when displaced from its equilibrium 
position and then released for the system shown in figure. 


Inextensible 
string 


Pulley 


M 
@ Thinking Process 


To predict the nature of the motion, we have to displace the mass slightly and find the 
acceleration due to the restoring force. 


Ans. For the calculation purpose, in this situation we will neglect gravity because it is constant 
throughout and will not effect the net restoring force. 
Let in the equilibrium position, the spring has extended by an amount xo. 


Inextensible 
string 


Pulley 
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Now, if the mass is given a further displacement downwards by an amount 


e 


x. The string and spring both should increase in length by x. 


But, string is inextensible, hence the spring alone will contribute the total 
extension x + x = 2x, to lower the mass down by x from initial equilibrium 


mean position x}. So, net extension in the spring (= 2x + Xo). 


Now force on the mass before bulling (in the x, extension case) 


But 


Faz 
T = kxo 
F =2kxo 


When the mass is lowered down further by x, 


But new spring length = (2x + x9) 


Restoring force on the system. 


Masomo S 
Using Eqs. (i) and (ii), we get 
Fasano 
= — 4kx 
or Ma = — 4kx 
where, a = acceleration 
E 
=> a=-|— 


k, M being constant. 


Hence, motion is SHM. 


Ft = 27" 


F! =2k(2x + x) 


M 


a =X 


\s 


F] 


= —[2k(2x Aa = Ky] 
= — [2 x2kx + 2kx, — 2kxo] 


[where k is spring constant] 


...(i) 





(As, F = ma) 


Comparing the above acceleration expression with standard SHM equation a = — w*x, we 


get 
ot = * 
M 
Time period T = A 


(A) 


OT 
[4k 
M 


Q. 30 Show that the motion of a particle represented by y =sinwt — cos œt is 





simple harmonic with a period of 2r / œ. 


(sine or cosine) function. 
Given, displacement function 


Comparing with standard equation 


y=asin(ot + ), we get 


y=sinot — coset 


= {sino — 


No 


[4k 

M 
=27 p 
4k 


Ans. We have to convert the given combination of two harmonic functions to a single harmonic 


1 
— -COS of 


2 


| 


i ae ain ae 
i i ce) 


_2n 


T 


on 
T 


(A) 


Clearly, the function represents SHM with a period T = 


On 
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Q. Əl Find the displacement of a simple harmonic oscillator at which its PE is 
half of the maximum energy of the oscillator. 


Ans. Let us assume that the required displacement be x. 
1 
..Potential energy of the simple harmonic oscillator = 5 kee 


2 


where, k =force constant = Mw 
PEs mex? (i) 
2 
Maximum energy of the oscillator 
TE = moe A E- Xma = Al ...(ii 
where, A =amplitude of motion 
Given, PE = ste 
= on = | 1mo? | 
2 22 
2 
= x? = aa 
2 
Ae A 
or x =,/— =+ — 
2 2 


Sign + indicates either side of mean position. 


Q. 32 A body of mass m is situated in a potential field U(x) =U, (1 -— cosa x) 
when, U, and a are constants. Find the time period of small oscillations. 


Ans. Given potential energy associated with the field 





U(x)=U, -cosax) a (i) 
Now, force F = — ae 
dx 
l | — du 
[~ for conservatine force f, we can write f= ae 
Xx 


[We have assumed the field to be conservative] 
F = — — (Up — Up cos ax)=— Up, asinax 
dx 


F=-U, ox ... (il) 
[. for small oscillations ax is small, Sin ax ~ ax] 
=> F o (—x) 
As, Ua, a being constant. 
.. Motion is SHM for small oscillations. 
Standard equation for SHM F =-mo°x (iii) 
Comparing Eqs. (ii) and (iii), we get 
mo’ = Uaf 
2 U,a* 


2 
Ua 





or O= 


m 
Time period T = ai = 27 = 
O Uga 


Note The motion is SHM only for small oscillations and hence, the time period is valid 
only in case of small oscillations. 


m 
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Q. 33 A mass of 2 kg is attached to the spring of spring constant 50 Nm™. The 
block is pulled to a distance of 5 cm from its equilibrium position at 
x =0 on a horizontal frictionless surface from rest at t =0. Write the 
expression for its displacement at anytime t. 


@ Thinking Process 


The spring- block system will perform SHM about the mean position with an amplitude of 
5cm. 


Ans. Consider the diagram of the spring block system. It is a SHM with amplitude of 5cm about 
the mean position shown. 


Mean position Att =0 





Given, spring constant k = 50 N/m 
m = mass attached = 2 kg 


Angular frequency = e = IS = /25 = 5rad/s 
m 


Assuming the displacement function 
y (t) = Asin(@t + p) 
where, o = initial phase 
But given att = 0, y(t)= + A 
y (0)= + A = Asin(œ@ x0 + o) 


or sinb =1 > o= - 
2 
.. The desired equation is y(t)= Asin{ ot + z) = Acos wt 


Putting A = 5cm, œ = 5 rad/s 
we get, y(t) = 5sin5t 
where, t is in Second and yis in centimetre. 


Q. 34 Consider a pair of identical pendulums, which oscillate with equal 
amplitude independently such that when one pendulum is at its extreme 
position making an angle of 2° to the right with the vertical, the other 
pendulum makes an angle of 1° to the left of the vertical. What is the 
phase difference between the pendulums? 


Ans. Consider the situations shown in the diagram (i) and (ii) 
ge 4° 


(i) (ii) 
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Assuming the two pendulums follow the following functions of their angular displacements 
0, = Oa sin(œt + Q) sU 

and 0, = Oa sin(œt + p») ssa) 

As it is given that amplitude and time period being equal but phases being different. 

Now, for first pendulum at any time t 


0; = + 8, [Right extreme] 
From Eq. (i), we get 
=> O = 8 sin(@t + o,) or 1=sin(@t + o,) 
. T ; 
= a = sin(wt + o,) 
TU ves 
or (oat + o,) = 5 il) 
Similarly, at the same instantt for pendulum second, we have 
0 
0, = -2 
wg 


where 8, = 2° is the angular amplitude of first pendulum. For the second pendulum, the 


angular displacement is one degree ,therefore 6, = — and negative sign is taken to show 
“p 


for being left to mean position. 


a 0 
From Eq. (ii), then a = 0)sin(wt + p») 
l | am TT 

= SIN(ot + =--> {+ = ——or — 

(ot + )=-5 => (ot + h) =- Er 

mt TT 

or cot + = — — Of — „(1V 

(ot + $9) =~ Zor = (iv 


From Eqs. (iv) and (iii), the difference in phases 


(at + 4) (ot + p) 2-27-42 _ 





6 2 6 6 
An 2T 
or — ea 
(do — Q) ~ 


Long Answer Type Questions 


Q. 35 A person normally weighing 50 kg stands on a massless platform which 
oscillates up and down harmonically at a frequency of 2.0 s™* and an 
amplitude 5.0 cm. A weighing machine on the platform gives the 
persons weight against time. 

(a) Will there be any change in weight of the body, during the oscillation? 


(b) If answer to part (a) is yes, what will be the maximum and minimum 
reading in the machine and at which position? 


Ans. In this case acceleration is variable. In accelerated motion, weight of body depends on the 
magnitude and direction of acceleration for upward or downward motion. 


N 


Top position (Highest point) 


mg a 


Oscillations aA 


(a) Hence, the weight of the body changes during oscillations 


(b) Considering the situation in two extreme positions, as their acceleration is maximum in 


magnitude. 

we have, mg -N=ma 

‘ At the highest point, the platform is accelerating downward. 

> N= mg - ma 

But a= A [in magnitude] 
N=mg —mw°A 

where, A =amplitude of motion. 

Given, m = 50kg, frequency v=2s7' 


œ = 2nv = 4n rad/s 
A=5cm=5x10°m 
N = 50 x 9.8 — 50 x (47)? x 5 x10? 
= 50[9.8 - 16r? x5x107] 
= 50[9.8 — 7.89] 
= 50 x 1.91 


= 95.5N 
When the platform is at the lowest position of its oscillation, 


POA Mean position 


mg 
It is accelerating towards mean position that is vertically upwards. 
Writing equation of motion 

N- mg = ma = mofA 


or N=mg + mo°A 
= mİg + 0A] 
Putting the data N = 50[9.8 + (4n)° x 5 x10°] 


= 50[9.8 + (12.56 x 5x10°] 
= 50[9.8 + 7.88] 
= 50 x 17.68 = 884N 
Now, the machine reads the normal reaction. It is clear that 
maximum weight = 884N (at lowest point) 
minimum weight = 95.5 N (at top point) 
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Q. 36 A body of mass m is attached to one end of a massless spring which is 
suspended vertically from a fixed point. The mass is held in hand, so 
that the spring is neither stretched nor compressed. Suddenly, the 
support of the hand is removed. The lowest position attained by the 
mass during oscillation is 4 cm below the point, where it was held in 
hand. 


(a) What is the amplitude of oscillation? 
(b) Find the frequency of oscillation? 


@ Thinking Process 


When we have given the support of hand, net force = 0 and when it is released, all of its PE 
will convert into KE. 


Ans. (a) When the support of the hand is removed, the body oscillates about a mean position. 






— Spring in natural length 


MS a 


Suppose x is the maximum extension in the spring when it reaches the lowest point in 


oscillation. 
Loss in PE of the block = mgx ssal) 
where, m =mass of the block 
Gain in elastic potential energy of the spring 
1, > ? 
= —k ssal 
~ (ii) 


As the two are equal, conserving the mechanical energy, 


we get, mgx = sk’ or x= = (iii) 


Now, the mean position of oscillation will be, when the block is balanced by the spring. 


kx’ 
F=mg 
If xis the extension in that case, then 
F =+ kx! 
But Feng 
=> mg =+ kx' 
m 
or x= wei! seli) 


Oscillations AAS 


Dividing Eq. (iii) by Eq. (iv), 





x a U 


a k k 
> y= 2a 
But given x = 4cm (maximum extension from the unstretched position) 
. ox =f 
4 
x'=— =2 cm 
2 


But the displacement of mass from the mean position to the position when spring attains 
its natural length is equal to amplitude of the oscillation. 
se A= =2om 
where, A = amplitude of the motion. 
(b) Time period of the oscillating system depends on mass spring constant given by 


T= on] 
k 


It does not depend on the amplitude. 
But from Eq. (iii), 
— Sa (maximum extension) 


= aetna On 











m Axio osii. 
k 29 g 
k_ g 
m 2x10? 
and E E ee 2 
T 2r\m 





1 g 
yV = 
2 x314 V2 x10 


1 4.9 1 
ji. %/AO 2100 
102 628 


"Ox 3414 


= oa R22 l= a30IHZ 
628 





Note The block during oscillation cannot go above the position it was released, as it is 
given that there is no velocity in the upward direction either by the system or 
external agent. 


Q. 37 A cylindrical log of wood of height h and area of cross-section A floats in 
water. It is pressed and then released. Show that the log would execute 


SHM with a time period. 


| =?27 ae 
\ Apg 


where, m is mass of the body and p is density of the liquid. 


@ Thinking Process 


To find the time period for the SHM displace the log from equilibrium position by a small 
displacement and then find the restoring force. 
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Ans. Consider the diagram. 





Let the log be pressed and let the vertical displacement at the equilibrium position be xo. 
At equilibrium, 
mg = buoyant force = (PAX, )g [- m = Vp = (Ax, )p] 
When it is displaced by a further displacement x, the buoyant force is A(x, + x) pg 
Net restoring force = Buoyant force — Weight 
= À (xo + x)pg - mg 


= (Apg )x [ mg = pAxog] 
As displacement x is downward and restoring force is upward, 
we can write 

Festoring = — (Apg )x 

= — kx 
where k = constant = Apg 
So, the motion is SHM (°F o— x) 

TER 
Now, Acéélérationa= a a 
m 

Comparing with a=-o x 


2 k J5 
= oa — 
=> far on |7 
= 1 =2R 
ee 


Q. 38 One end of a V-tube containing mercury is connected to a suction pump 
and the other end to atmosphere. The two arms of the tube are inclined 
to horizontal at an angle of 45° each. A small pressure difference is 
created between two columns when the suction pump is removed. Will 
the column of mercury in V-tube execute simple harmonic motion? 
Neglect capillary and viscous forces. Find the time period of oscillation. 


Ans. Consider the diagram shown below 


45° 45° 





Horizontal 


Oscillations nA 


Let us consider an infinitesimal liquid column of length dx at a height x from the horizontal 
line. 


If p = density of the liquid 
A =cross-sectional area of V-tube 
PE of element dx will be given as 








PE = dmgx = (Apdx)gx [l am = pV = pAdx] 
where Apdx = dm = mass of element dx 
“. Total PE of the left column 
h 
= K Apgxdx 
h 
= Apg |. xdy 
2 |" h2 
X 1 
= Aog|——| = Apg — 
Pg 2 Pg 2 
0 
But, h, = Isin45° 
PE = APS (sin? 45° (i 
In a similar way, 
PE of right column = AOD p sin? 45° ii 


Total PE = AOS (sin? A5° + APE (sin? 45° 


2 2 
=e Lap ( =| 2 “ee (ii) 
If due to pressure difference created y element of left side moves on the right side, then 
liquid present in the left arm = / — y 

feel present in the right arm =} + y 


Total PE = Apg(/ — y)* sin? 45° + Apg(/ + y sin? 45° 





Changes in PE = Ja va = Ena 
or APE = PE - y? + (1+ yê- Ê] 
= 8 iP s +y =2yt l +y 2yr] 
A 
= PL pq + y?) 
= Apg (l? + y*) ...(iv) 
If v is the change in velocity of the total liquid column, then change in KE 
AKE = mv? 
2 
But m= Ap(21) 
AKE = = Apeiv? = Apl? ..(V) 


From Eqs. (iv) and (v), 
APE + AKE= Apg(/* + y*) + Api? (vi) 
system being conservative. 
. Change in total energy = 0 
From Eq. (vi), 
Apg(I* + y*)+ Ap? = 0 
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Differentiating both sides with respect to time (t), we get 


dy dv 
A 0+ 2y—|+ Apl2v)— =0 
pg y A piv) a 
But, o =v and if =a [acceleration] 
at at 
= Apg (2yv) + Apl(2v)a = 0 
=> (gy + la)2Apv = 0 
2Apv = constant and2Apv # 0 
Ee la+ gy=0 
at (2) y=0 
A 
or = rl ye 
dt? P4 
This is the standard differential equation for SHM of the form 
d y 2 
—; + o°y=0 
dt * i 


Q. 39 A tunnel is dug through the centre of the earth. Show that a body of 
mass m when dropped from rest from one end of the tunnel will execute 
simple harmonic motion. 

Ans. Consider the situation shown in the diagram. 

The gravitational force on the particle at a distance r from the centre of the earth arises 


entirely from that portion of matter of the earth in shells internal to the position of the particle. 
The external shells exert no force on the particle. 


f 
More clearly, 
let g'be the acceleration at P. 
: COK 
g =g a) g R 
From figure, R-d=y 
eg 
= g =g R 
Force on body at p, F = -mg'= =y Ò 
=> F æ-y [where, y is distance from the centre] 


So, motion is SHM. 
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For time period, we can write Eq. (i) 
M 
AS mas) = aay 


Comparing with a = — œ°y 


Q. 40 A simple pendulum of time period 1s and length / is hung from a fixed 
support at 0. Such that the bob is at a distance H vertically above A on 
the ground (figure) the amplitude is 8, the string snaps at 9 =0, /2. 
Find the time taken by the bob to hit the ground. Also find distance 
from A where bob hits the ground. Assume 8, to be small, so that 


sin ~ 9, and cos 0p ~1. 





@ Thinking Process 


We have to consider © = ©) as reference point that is when O= 90, the time will be 
considered as t =0. Then, equation of rectilinear motion will be applied. 


Ans. Consider the diagram. 





Let us assumet = Owhen 6 = 0p, then 6 = 8, cos œt 


Given a seconds pendulum@=2n=> 0=0,cos2mt 42 (i) 
At timet, let @ = 0, /2 
1 
cos2nt, =1/2>t,= 5 [COSS cos% => 2i = . 
dð 
= — (0, 27) sin2nt [from Eq. (i)] 


~ 


CAS 
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At t=t, =— 
6 
2 
a ee 3 7 Oo 
at 6 


Negative sign shows that it is going left. 
Thus, the linear velocity is 
u = — V3n85/ perpendicular to the string. 

The vertical component is 

u, = — V3n0ol sin (8; /2) 
and the horizontal component is 

U, = — V3n051 cos (Oy /2) 
At the time it snaps, the vertical height is 


A'= H+ i(1— cos (8 /2)) sa (il) 
Let the time required for fall bet, then 
2 ane 
H=uyt + (1/2)gt (notice g also in the negative direction) 
or zat? + V3n0,/sin Sot -HĦH'=0 





-43r 0p Lsin a Jar 06 1° sin Po, 2gH' 
t=z— 2 V 2 
g 


02 9.4 
—v3al t [e] + 2gH' 


g 
Given that 8, is small, hence neglecting terms of order 05 and higher 


= Fe [from Eq. (iii)] 
g 


Now, H'xH + [(1-1) [cos 0,/2 = 1] 
= [from Eq. (ii)] 





5 m. = ior small angle 
2 2 





=> a fa 
g 


The distance travelled in the x-direction is u,f to the left of where the bob is snapped 


X =Uxt = J3 20,1 Cos (2) Es 


0 
As 0, is small > cos (<2 z] 


V9 VQ 


, 0 
At the time of snapping, the bob was at a horizontal distance of lsin (0, /2) «1 — 


from A. 
Thus, the distance of bob from A where it meets the ground is 


18 y 1% [Og i 
2 2 g 


= 0 |z- a 
2 g 


Unacademyplusdiscounts 


We are having the best collection of books. 






























































14 


Waves 





Multiple Choice Questions (MCQs) 


Q. 1 Water waves produced by a motorboat sailing in water are 
(a) neither longitudinal nor transverse 
(b) both longitudinal and transverse 
(c) only longitudinal 
(d) 


Ans. (b) Water waves produced by a motorboat sailing in water are both longitudinal and 
transverse, because the waves, produce transverse as well as lateral vibrations in the 
particles of the medium. 


only transverse 


Q. 2 Sound waves of wavelength à travelling in a medium with a speed of 
v m/s enter into another medium where its speed in 2v m/s. Wavelength 


of sound waves in the second medium is 


(a) à (b) 3 (c) 2X0 (d) 4A 


Ans. (c) Let the frequency in the first medium is v and in the second medium is v.’ 
Frequency remains same in both the medium 


ve! 
oO, v=v > -=— 


z y= <) X 
V 


Aand 2’, v and v’are wavelengths and speeds in first and second medium respectively. 


SO, N= (=) N=2r 
V 


Q. 3 Speed of sound wave in air 

(a) is independent of temperature 
(b) increases with pressure 

(c) 

(d) 


increases with increase in humidity 
decreases with increase in humidity 
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Ans. (c) Due to presence of moisture density of air decreases. 
i 
P 


We know that speed of sound in air is given by v = 


For air y and p are constants. 


1 , , , 
v c—, where pis density of air. 


VP 
os Pa 
V4 P1 
where p, is density of dry air and p, is density of moist air. 
Va 
1 
Hence, speed of sound wave in air increases with increase in humidity. 


Q. 4 Change in temperature of the medium changes 
(a) frequency of sound waves 
(b) amplitude of sound waves 
(c) wavelength of sound waves 
(d) loudness of sound waves 


Ans. (c) Speed of sound wave in a medium v/T (where T is temperature of the medium) 
Clearly, when temperature changes speed also changes. 
AS, V=vÀ 
where v is frequency and àis wavelength. 
Frequency (v) remains fixed 
= vox or Acv 
As does not change, so wavelength (A) changes. 


Q. 5 With propagation of longitudinal waves through a medium, the quantity 
transmitted is 


(a) matter (b) energy 
(c) energy and matter (d) energy, matter and momentum 


Ans. (b) Propagation of longitudinal waves through a medium leads to transmission of energy 
through the medium without matter being transmitted. 
There is no movement of matter (mass) and hence momentum. 


Q. 6 Which of the following statements are true for wave motion? 
(a) Mechanical transverse waves can propagate through all mediums 
(b) Longitudinal waves can propagate through solids only 
(c) Mechanical transverse waves can propagate through solids only 
(d) Longitudinal waves can propagate through vacuum 
Ans. (c) When mechanical transverse wave propagates through a medium, the constituent of 
the medium oscillate perpendicular to wave motion causing change in shape. That is 


each, element of the medium is subjected to shearing stress. Solids and strings have 
shear modulus, that is why, sustain shearing stress. 


Fluids have no shape of, their own, they yield to shearing stress. This is why transverse 
waves are possible in solids and strings but not in fluids. 
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Q. 7 A sound wave is passing through air column in the form of compression 
and rarefaction. In consecutive compressions and rarefactions, 

a) density remains constant 

b) Boyle’s law is obeyed 

c) bulk modulus of air oscillates 

d) there is no transfer of heat 


( 
( 
( 
( 


Ans. (d) (a) Due to compression and rarefactions density of the medium (air) changes. At 
compressed regions density is maximum and at rarefactions density is minimum 


(b) As density is changing, so Boyle's law is not obeyed 
(c) Bulk modulus remains same 


(d) The time of compression and rarefaction is too small i.e., we can assume 
adiabatic process and hence no transfer of heat 


Q. 8 Equation of a plane progressive wave is given by y = 0.6 sin2z C — z) On 


reflection from a denser medium its amplitude becomes : of the amplitude 


of the incident wave. The equation of the reflected wave is 
(a)y =0.6 sin2nt + z) 


(b) y = -0.4 sin2z[t + z) 
(c) y =0.4 sin2n ( + z) 
(d) y = -0.4 sin anf — z) 


@ Thinking Process 


Due to reflection from a denser medium there is a phase change of 180° in the reflected 
wave. 


Ans. (b) Amplitude of reflected wave 
A; — e x 0.6 = 0.4 units 
3 3 

Given equation of incident wave 

yY; =O.6sin27 ( = z) 

2 

Equation of reflected wave is 

y, = A, sine + ca z) 

[. At denser medium, phase changes by z] 


The positive sign is due to reversal of direction of propagation 


So, y == odsin2a + 3 [l sin(a + 6) = -sin 8] 
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Q. 9 A string of mass 2.5 kg is under tension of 200 N. The length of the 
stretched string is 20.0 m. If the transverse jerk is struck at one end of 
the string, the disturbance will reach the other end in 

200N=T 


mm —— 20m 
(b) 0.5s 
(d) data given is insufficient 


Ans. (b) Mass m =2.5kg 
u =Mmass per unit length 


a] _ 280.12) o 
20 10 


| 
T 200 , 
Speed v = |— = 0125 [speed of transverse waves in any string] 
u . 


200 
0125 


2 += 20 x 52 ‘sss 
x 10 2x10 


=20% psx 


l=v xt >20= 











0.4 x 10° 
1 20x5 
4x10* 2x10 








=20x5 


1 
=—=05 
2 


Q. 10 A train whistling at constant frequency is moving towards a station at a 
constant speed v. The train goes past a stationary observer on the 
station. The frequency n of the sound as heard by the observer is 


plotted as a function of time t (figure). Identify the expected curve. 


BEAREK 


@ Thinking Process 
The observed frequency is apparent frequency due to Doppler shift. 


Ans. (c) Let the original frequency of the source is No. 
Let the speed of sound wave in the medium is v. 
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As observer is stationary 





V 
Vo , 
Observer 
Apparent frequency n, -( Jp [when train is approaching] 
V—-Ve 





= L N =N, >N 
=y O a O 


S 


When the train is going away from the observer 





Apparent freguency n, = Nn =N, <n 
pp q Y Na Jr a Slb 


Hence, the expected curve is (c). 


Multiple Choice Questions (More Than One Options) 


Q. 11 A transverse harmonic wave on a string is described by 


y (x,t) =3.0 sin( 36t + 0.018x + z) 


where x and y are in cm and t is in sec. The positive direction of x is 
from left to right. 
(a) the wave is travelling from right to left 


(b) 
(c) frequency of the wave is 5.7 Hz 
d) 


( 
@ Thinking Process 


To find the characteristic parameters associated with a wave, compare the given equation 
of the wave with a standard equation. 


Ans. (a, b, c) 
Given equation is yix tjs 3 0sin( 36 + 0.018x + =) 


the speed of the wave is 20 m/s 


the least distance between two successive crests in the wave is 2.5 cm 


Compare the equation with the standard form. 
y=asin(ot + kx + 0) 
(a) As the equation involves positive sign with x ,hence the wave is travelling from right to 
left. Hence, option (a ) is correct. 


(b) Given, @ = 36> 2nv = 36 
36. 18 
= v = frequency = — = — 
Om T 


k =00183 = = 0.018 
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> eN _ 901832 = 0018 F- 2nv = wandva = v] 
vÀ V 
=> =o = 0.018 = es 
V 1000 
= v =2000 cm/s = 20 m/s 
(Cc) 27v = 36 
=> ge Og ry 
2n T 
2 
id) == = 0018 
À 
=> A = a cm 
0.018 
aa me ea 
18 18 
Hence, least distance between two successive crests = A= 3.48 m. 
À 
k— 


Q. 12 The displacement of a string is given by 
VO...) = Dossi ZE) cos(120zt) 


where x and y are in metre and t in second. The length of the string is 1.5 
m and its mass is 3.0 x10“ kg. 

(a) It represents a progressive wave of frequency 60 Hz 

(b) It represents a stationary wave of frequency 60 Hz 


(c) It is the result superposition of two waves of wavelength 3 m, frequency 60 Hz 
each travelling with a speed of 180 m/s in opposite direction 


(d) Amplitude of this wave is constant 
Ans. (b, c) 
Given equation is Vix,t)= 006sin( = cos(120nt) 


(a) Comparing with a standard equation of stationary wave 
y (x ,t) = asin (kx) cos(af) 
Clearly, the given equation belongs to stationary wave. Hence, option (a) is not correct. 
(bo) By comparing, 


œ = 120r 
= on = 120r => f= 60Hz 
o) k= = 5% 
3 À 
= à = wavelength = 3m 


Frequency = f = 60 Hz 
Speed = v = fà = (60 Hz) (3m) = 180 m/s 


(d) Since in stationary wave, all particles of the medium execute SHM with varying 
amplitude `nodes. 


2e 
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Q. 13 Speed of sound wave in a fluid depends upon 
(a) directly on density of the medium 
(b) square of Bulk modulus of the medium 


b) 
(c) inversly on the square root of density 
(d) directly on the square root of bulk modulus of the medium 
Ans. (c, d) 
Speed of sound waves in a fluid is given by 
V= |e where Bis Bulk modulus and pis density of the medium. 


[.. for any fluid, B=constant] 


Clearly, Vo 
VP 
voc/B F. for medium, p= constant] 


and 


Q. 14 During propagation of a plane progressive mechanical wave, 
(a) all the particles are vibrating in the same phase 


(b) amplitude of all the particles is equal 
(c) particles of the medium executes SHM 
(d) wave velocity depends upon the nature of the medium 


Ans. (b, c, d) 


O A B 
During propagation of a plane progressive mechanical wave, like shown in the diagram, 


amplitude of all the particles is equal. 
(i) Clearly, the particles O, A and B are having different phase. 
(ii) Particles of the wave shown in the figure are having up and down SHM. 


(iii) For a progressive wave propagating in a fluid . 
Speed = v = fe 


Hence, V an l. B is constant] 
P 


As p depends upon nature of the medium, hence v also depends upon the nature of the 


medium. 


Q. 15 The transverse displacement of a string (clamped at its both ends) is 
given by y (x,t) = 0.06sin{ 22 cos(1207t). 


All the points on the string between two consecutive nodes vibrate with 
(b) same phase 


(a) same frequency 
(c) same energy (d) different amplitude 
Ans. (a, b, d) 
Given equation is Vix) = 006sin( = cos(120nt ) 
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Comparing with standard equation of stationary wave 
y (x ,t) = asin(kx) cos(at ) 

It is represented by diagram. 

where N denotes nodes and A denotes antinodes. 


1. Ne. B 


O 


Clearly, frequency is common for all the points. 


Consider all the particles between two nodes they are having same phase of (120rt) 
at a given time. 


© 


(c) and (d) But are having different amplitudes of 0.06sin Fe) and because of different 


amplitudes they are having different energies. 


Q. 16 A train, standing in a station yard, blows a whistle of frequency 400 Hz 
in still air. The wind starts blowing in the direction from the yard to the 
station with a speed of 10 m/s. Given that the speed of sound in still air 
is 340 m/s. Then 


(a) the frequency of sound as heard by an observer standing on the platform is 
400 Hz 


(b) the speed of sound for the observer standing on the platform is 350 m/s 


(c) the frequency of sound as heard by the observer standing on the platform will 
increase 


(d) the frequency of sound as heard by the observer standing on the platform will 
decrease 


@ Thinking Process 


When the wind is blowing in the same direction as that of sound wave then net speed of 
the wave is sum of speed of sound wave and speed of the wind. 


Ans. (a, b) 
Given, Vo = 400 HZ, v = 340 m/s 
Speed of wind Vy =10m/s 


(a) As both source and observer are stationary, hence frequency observed will be same 
as natural frequency vy = 400 Hz 


(bo) The speed of sound v =v + v,, 
= 340+ 10 = 350 m/s 


(c) and (d) There will be no effect on frequency,because there is no relative motion 
between source and observer hence (c),(d) are incorrect. 


Q. 17 Which of the following statement are true for a stationary waves? 


(a) Every particle has a fixed amplitude which is different from the amplitude of its 
nearest particle 


b 
C 


d 


e 


x 


All the particles cross their mean position at the same time 
All the particles are oscillating with same amplitude 
There is no net transfer of energy across any plane 


( 
( 
( 
( 


~ we ë Sr 


There are some particles which are always at rest 
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Ans. (a, b, d, e) 
Consider the equation of a stationary wave y = asin(kx)cos ot 
(a) clearly every particle at x will have amplitude = asin k x = fixed 
(b) for mean position y = 0 
> cosat = 0 


=> ot =(2n-1)~ 
2 


Hence, for a fixed value of n, all particles are having same value of 
timet = (2n — 1) mie l. @ = constant] 
20 


(c) amplitude of all the particles are a sin(kx) which is different for different particles at 
different values of x 


(d) the energy is a stationary wave is confined between two nodes 
(e) particles at different nodes are always at rest. 


Very Short Answer Type Questions 


Q. 18 A sonometer wire is vibrating in resonance with a tuning fork. Keeping 
the tension applied same, the length of the wire is doubled. Under what 
conditions would the tuning fork still be is resonance with the wire? 

Ans. Wire of twice the length vibrates in its second harmonic. Thus, if the tuning fork resonates 


at L, it will resonate at 2L. This can be explained as below 
The sonometer frequency is given by 





v= ae (n = number of loops) 
2L Vm 
Now, as it vibrates with length L, we assume v = v, 
n=n, 
mn ST , 
= — ,/— e 
Y1 2L ym 0 
When length is doubled, then 
N» T 
= 3 ii 
= oga i ti 
Dividing Eq. (i) by Eq. (ii), we get 
vi fi 
=- x2 
Vo M 
To keep the resonance 
a t= Li Ae 
Vo No 
=> N, = 2N, 


Hence, when the wire is doubled the number of loops also get doubled to produce the 
resonance. That is it resonates in second harmonic. 
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Q. 19 An organ pipe of length L open at both ends is found to vibrate in its 
first harmonic when sounded with a tuning fork of 480 Hz. What should 
be the length of a pipe closed at one end, so that it also vibrates in its 
first harmonic with the same tuning fork? 

@ Thinking Process 


We should not confuse between pressure wave and displacement wave. By considering any 
type of wave outcome will be same. 


Ans. Consider the situation shown in the diagram 


J —____— 4 ____, 


2 
As the organ pipe is open at both ends, hence for first harmonic 
= 
2 
= (215 Sse 
v 2l 


where c is speed of the sound wave in air. 
For pipe closed at one end 

,_ Cc 
AL 





v 


c for first harmonic 


mch 
4 








Hence, v=v' [for resonance with same tuning fork] 
C C 
=> — = l. speed remains constant] 
QL AL 
Co 2 1 a? 
L 4 2 2 


Q. 20 A tuning fork A, marked 512 Hz, produces 5 beats per second, where 
sounded with another unmarked tuning fork B. If B is loaded with wax 
the number of beats is again 5 per second. What is the frequency of the 
tuning fork B when not loaded? 

Ans. Frequency of tuning fork A, 

va = 512 Hz 
Probable frequency of tuning fork B, 
Vp =V £5=512 + 5= 517 or S07Hz 
when B is loaded, its frequency reduces. 
If it is 517 Hz, it might reduced to 507 Hz given again a beat of 5 Hz. 
If it is 507 Hz, reduction will always increase the beat frequency, hence vg = 517 Hz 


Note For production of beats frequencies of the two tuning forks must be nearly 
equal i.e., slight difference in frequencies. 


Waves 2.59 


Q. 21 The displacement of an elastic wave is given by the function 
y =3sinot +4cosot, where y is in cm and t is in second. Calculate the 
resultant amplitude. 


Ans. Given, displacement of an elastic wave y = 3sinot + 4cos ot 
Assume, 3 = acoso .. (il) 
4 = asino sexii) 
On dividing Eq. (il) by Eq. (i) 
tano =$ = = tan" (4/3) 


Also, a cos ota sin 6 = 3° + 4° 
=> a? (cos* + sin® 6) = 
a -1=25>a=5 
Hence, Y = 5cososinat + Ssind cos wt 
= 5 [coso sinoat + sind coset |= 5sin(wt + o) 
where b = tan! (4/3) 


Hence, amplitude = 5cm 


Q. 22 A sitar wire is replaced by another wire of same length and material but 
of three times the earlier radius. If the tension in the wire remains the 
same, by what factor will the frequency change? 

@ Thinking Process 
In a sitar wire, the vibration is assumed to be similar as a wire fixed at both ends. 


Ans. Frequency of vibrations produced by a stretched wire 
me . 
oj 

Mass Oom? i n 


Length 
AE mp 


Hence, when radius is tripled, v will be = rd of previous value. 


Mass per unit length u = rp F: M = vp = Alp = nr lp] 





wees 
r 


Q. 23 At what temperatures (in °C) will the speed of sound in air be 3 times 
its value at 0°C? 


Ans. We know that speed of sound in air v « VT 


ae dea [where T is in kelvin] 
213 





But =| [. speed becomes three times] 
i 
3 2 h = T; 26 
1 ly 273 


T- = 273 x 9 = 2457 K 
= 2457 — 273 = 2184°C 
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Q. 24 When two waves of almost equal frequencies n, and n, reach at a point 
simultaneously, what is the time interval between successive maxima? 


@ Thinking Process 


When two waves of almost equal frequencies interfere, they are producing beats. 


Ans. Let, ny >Np 
Beat frequency Vp = — M5 


Time period of beats = 7, = = 





Short Answer Type Questions 


Q. 25 A steel wire has a length of 12 m and a mass of 2.10 kg. What will be the 
speed of a transverse wave on this wire when a tension of 2.06 x 10 N 


is applied? 
Ans. Given, length of the wire 





l=12 m 
Mass of wire mMaæ=2100 
Tension T = 2.06 x 10 N 
Speed of transverse wave V= i [where u = mass per unit length] 
206x104  |2.06 x 12 x 104 
= w Eo d 343 m/s 
12 


Q. 26 A pipe 20 cm long is closed at one end. Which harmonic mode of the 
pipe is resonantly excited by a source of 1237.5 Hz? (sound velocity in 
air = 330ms ‘) 


Ans. Length of pipe 


ae 
_ 
7” 
- 


[s 
~]. 
-- 
—— ee 


(Closed pipe) 
1 =20cm=20 x 10°m 





Veunda = = — (for closed pipe) 
4L 4x20~x10 
1 
Vgiven _ 1237.5 = 
Vinda 412.9 


Hence, 3rd harmonic node of the pipe is resonantly excited by the source of given frequency. 
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Q. 27 A train standing at the outer signal of a railway station blows a whistle of 
frequency 400 Hz still air. The train begins to move with a speed of 
10 ms™* towards the platform. What is the frequency of the sound for an 
observer standing on the platform? (sound velocity in air = 330 ms _) 


Ans. As the source (train) is moving towards the observer (platform) hence apparent frequency 
observed is more than the natural frequency. 


Frequency of whistle v = 400 Hz 
Speed of train Vv, = 10 m/s 
Velocity of sound in air Vv = 330 m/s 


, V 
Apparent frequency when source is moving Vapp = i 
V-V; 


-|330 |400 
330 — 10 
330 


=> Vapp = 20 x 400 = 412.5 HZ 


Q. 28 The wave pattern on a stretched string is shown in figure. Interpret what 
kind of wave this is and find its wavelength. 


8 


t=0 N N 
°F 0X 720 N 70 
Displacement 


f= fA x 


LA- AS ZN ,, 
“SF WS 


t = 3T/4 x 


—e UF, 
J T 


Ans. We have to observe the displacement and position of different points, then accordingly 
nature of two wave is decided. 
Points on positions x = 10, 20, 30, 40 never move, always at mean position with respect to 
time. These are forming nodes which characterise a stationary wave. 


-- Distance between two successive nodes = > 
= à = 2 x (node to node distance) 


= 2 x(20- 10) 
=2 x10 = 20 cm 
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Q. 29 The pattern of standing waves formed on a stretched string at two in- 
stants of time are shown in figure. The velocity of two waves superim- 
posing to form stationary waves is 360 ms™% and their frequencies are 


256 Hz. 

T xin m 
© 

= 

© 

O 

O 

G | 

5 xinm 





(a) Calculate the time at which the second curve is plotted. 
(b) Mark nodes and antinodes on the curve. 


(c) Calculate the distance between A’ and C’. 


Ans. Given, frequency of the wave v = 256 Hz 
Time period Pei eestor 
v 256 
(a) Time taken to pass through mean position is 


-TL1 39x10” 
4 40 
(b) Nodes are A, B, C, D, E (i.e., zero displacement) 
Antinodes are A’, C' (i.e., maximum displacement) 


(c) It is clear from the diagram A’ and C’ are consecutive antinodes, hence separation 
= wavelength (A) 





5-98x10%s 


Vv 


Q. 30 A tuning fork vibrating with a frequency of 512 Hz is kept close to the 
open end of a tube filled with water (figure). The water level in the tube 
is gradually lowered. When the water level is 17 cm below the open end, 
maximum intensity of sound is heard. If the room temperature is 20°C, 
calculate 

-( 


Reservoir 


(a) speed of sound in air at room temperature. 

(b) speed of sound in air at 0°C. 

(c) if the water in the tube is replaced with mercury, will there be any 
difference in your observations? 

@ Thinking Process 


The pipe partially filled with water, acts as closed organ pipe. According to this, we will 
find associated frequencies. 
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Ans. Consider the diagram frequency of tuning fork v = 512 Hz. 


U 


For observation of first maxima of intensity 
(a) L= i =>K=A4L [for closed pipe] 


Vevi= 510 x4 x17 x10" 


= 348.16m/s 
(b) We know that v œ VT 
where temperature (7) is in kelvin. 


Yas 273+ 20 _ [298 
273+0 V273 





veo _ V1073 = 1.03 
Vo 
48. 
= v2 _ S4810 338 m/s 
103 103 


(c) Resonance will be observed at 17 cm length of air column, only intensity of sound heard 
may be greater due to more complete reflection of the sound waves at the mercury 
surface because mercury is more denser than water. 


Q. 31 Show that when a string fixed at its two ends vibrates in 1 loop, 2 loops, 
3 loops and 4 loops, the frequencies are in the ratio 1:2:3:4. 


Ans. Let, there are n number of loops in the string. 
A2 


a e 


——$— ee 
Length corresponding each loop is £ 


Now, we can write 


2L 
io > A=— [for n loops] 
2 n 
2L 
=> es ee 
v n 
n n H , 
=> v=—v=—|-—_ [v velocity of transverse waves =./T /u] 
2L 2L Vu 
> von [. length and speed are constants] 
SO, Vy V5 I Vg 1 Vy = My My 1g Ng 


=1:2:3:4 
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Long Answer Type Questions 


Q. 32 The earth has a radius of 6400 km. The inner core of 1000 km radius is 

solid. Outside it, there is a region from 1000 km to a radius of 3500 km 
which is in molten state. Then again from 3500 km to 6400 km the earth 
is solid. Only longitudinal (P) waves can travel inside a liquid. 
Assume that the P wave has a speed of 8 km s™* in solid parts and of 
5 km s™% in liquid parts of the earth. An earthquake occurs at some place 
close to the surface of the earth. Calculate the time after which it will be 
recorded in a seismometer at a diametrically opposite point on the 
earth, if wave travels along diameter? 

Ans. Speed of wave in solid = 8km/s 

6400 km 


3500 km 
1000 km 
0 

Core 
3500 km 
6400 km 


Earth surface 
N 





O— Earthquake 


Speed of wave in liquid = 5 km/s 








Required time = 2- an m + a x2 [diameter = radius x2 ] 
[ 1 000 | 2500 „ 2900 | _ distance 
= [time = 
a8 8 8 “3 |** speed 


= [125 + 500 + neon = 1975 
As we are considering at diametrically opposite point, hence there is a multiplication of 2. 


Q. 33 If c is rms speed of molecules in a gas and v is the speed of sound waves 
in the gas, show that C/v is constant and independent of temperature for 
all diatomic gases. 


Ans. We know that rms speed of molecules of a gas 
- [32 = 2 À 
p M 
where M = molar mass of the gas. 


Speed of sound wave in gas v = o = p= (ii) 


On dividing Eq. (i) by i , We ge 


ST, C. 
RT 7 


where y = adiabatic constant for diatomic gas 


7 | oF 
y=- since y = — 
5 oF 


C 
Hence, — =constant 
V 
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Q. 34 Given below are some functions of x and t to represent the displacement 
of an elastic wave. 
(i) y = 5cos(4x)sin(20t) 
Gi) y = 4sin(5x —t/2) + 3cos(5x —t/2) 
(iii) y = 10cos[(252 — 250)nt] cos[(252 + 250)xt] 
(iv) y =100cos(100xt + 0.5.x) 


State which of these represent 

(a) a travelling wave along- x-direction (b) a stationary wave 

(c) beats (d) a travelling wave along- x-direction 
Given reasons for your answers. 


@ Thinking Process 
To predict the nature of wave we have to compare with standard equations. 
Ans. (a) The equation y=100cos(100nt+0.5x) is representing a travelling wave along 
x-direction. 
(b) The equation y = 5cos(4x)sin(20t) represents a stationary wave, because it contains 
sin, cos terms /.e., combination of two progressive waves 
(c) As the equation y = 10cos[(252 — 250)rt ] - cos[(252 + 250)nt ] involving sum and difference of 
two near by frequencies 252 and 250 have this equation represents beats formation. 
(d) As the equation y = 4sin(5x —t/2)+ 3cos(5x —t/2) involves negative sign with x, have if 
represents a travelling wave along x-direction. 
Note We must not confuse with sign connected with x and direction of propagation of 


wave. It is just reversed, positive sign with x shown propagation of the wave in 
negative x-direction and vice-versa. 


Q. 35 In the given progressive wave y = 5sin(100rt —0.4rx) where y and x are 
in metre, t is in second. What is the 
(a) amplitude? (b) wavelength? 
(c) frequency? (d) wave velocity? 
(e) particle velocity amplitude? 


Ans. Standard equation of a progressive wave is given by 
y=asin(ot — kx + 6) 
This is travelling along positive x-direction. 
Given equation is y= 5sin(100rt — 0.4rx) 
Comparing with the standard equation 
(a) Amplitude = 5m 


2T 
b) k= — = 0.4 
(b) 3 T 


Wavelength A = ee = Ea = 2 = 5m 
k O4r 4 
(c) œ =100r 
a= 2nrv = 100r 
100r 





Frequency v = = 50 HZ 
On 
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(d) Wave velocity v = - , where k is wave number and k = a 


= 100m 1000 

Omm 4 

= 250m/s 

= 5sin(100nt — 0.47%) swell) 





(e) y 
dy 
— = particle velocit 
dt á : 
From Eq. (i), 


2 = 5(100r)cos[100rt — 0.4rx | 


For particle velocity amplitude (2) 
dt /max 


Which will be for {cos[100rt — 0.4rx]}max = 1 
z. Particle velocity amplitude 


= (Z) = 5(100n) x 1 
Ot Iron 


= 500 x m/s 


Q. 36 For the harmonic travelling wave y = 2cos2m(10t — 0.0080x + 3.5) where 


x and y are in cm and t is in second. What is the phase difference 
between the oscillatory motion at two points separated by a distance of 


(a) 4 m (b) 0.5 m 
(c) - (d) = (at a given instant of time) 


(e) What is the phase difference between the oscillation of a particle 
located at x = 100 cm, att =T sec and t =5? 


Ans. Given, wave functions are 
y =2cos2n(10t — 0.0080x + 3.5) 
= 2cos(20nt — 0.016mx + 77) 
Now, standard equation of a travelling wave can be written as 
y = acos(at — kx + p) 
On comparing with above equation, we get 
a=2cm 
œ = 20r rad/s 
k= 001607 
Path difference = 4cm 


(a) Phase difference Ad = = x Path difference 


Ao = 0.0162 x 4 x 100 (=k 


= 6.4r rad 
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(b) Ao = a x (0.5 x 100) [l~ Path difference = 0.5m] 
=00l0r 05 & 100 
= 0.8m rad 
On À , 
(c) Ad = ra x a = mrad [~ Path difference= 3/2] 
At 3h. 3h 
d) Ao = — x — = — rad 
8) Ag XD 
(e) T = en em 1 
o 20x 10 
At x = 100cm, 
t=T 
ġ = 20n7 — 0.016r(100)+ 7x 
= 20n{ =| — 16n + /7xn=2n-16n+7n (i) 


Again, at x = 100 cm, t = 5s 
> = 20n(5) — 0.0162 (100) + 7x 
= 100r — (0.016 x 100)xn + 7x 
=100n -16n +77 i 
z- From Eqs. (i) and (ii), we get 
Ad = phase difference = 6, — 9, 
= (100r — 162 + 7x) - (27 — 1.6r + 77) 
= 100r = 27 = 98 mrad 


